© 




EuropilschM Pat*ntamt 
European Patant Offlca 
Offlco aurop^an daa brav ts 



0 Publication number 



0 393 457 

A1 



© 



© Application numben 9010673&3 
® Date of filing: Oa04^ 



EUROPEAN PATENT APPLICATION 

© lntCL«:C07K 5/06, A61K 37/64 



A request for correction of the description has 
been filed pursuant to Rule 88 EPC. A decision 
on the request will t>e talcen during the 
proceedings before the Examining Division 
(Guidelines for Examination In the EPO, A-V, 
2J2). 

(§) Priority: 10.04.89 JP 89904/89 

® Date of publication of application: 
24.10.90 Bulletin 90/43 

0 Designated Contracting Stater 

AT BE CH DE OK ES PR QB OR IT U LU NL SE 



® Applicant SUNTORY UMITED 

1-40 DoJImahama 2-chome Klta-ku 
Osaka-ahi Osaka(JP) 

® Inventor HIguchI, Naokl 

1-305> 1S-23, IshlbashI 2-chome 
Ikeda-ahl, Os8ka(JP) 
Inventor Saitoh, MasayuM 
12, 16-16, Fubata-cho 
Ibarakl-ahl, Oaalca(JP) 
Inventor Shfbata, HIroshI 
F1-602, NIahltomlgaoIca 2-chome 
Nara*ahl, Nara*ken(JP) 

0 Representative: Hansen, Bemd, Dr. 
DIpL-Chem. et al 

Hoffmann, Eitle & Partner Patent- und 
Rechtaanwilta Arabellastrasse 4 
D-8000 MInchen 81(DE) 



© Proteinase inhibitor. 0^p5i^^ ^<^tW^ 

® A proteinase Inhibitory compound represented by the following general formula 



0): 



Ri -N-CH-CO-NH-CH-CHO 
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wherein Ri repreeants • straight-chain or bnutched acyl group having 2 to 10 ca/ton atonos, a branched-. 

cycllcs- or polycycfic-alkyioxycarbonyl group having 4 to 15 cartMn' atoms, a substituted- or unsubstituted- 

benzyioxycaiijonyl gnMip. a 2j2.2-trlchloroethyiootycafbooyl group, a 2-{trimethyl8ilyl)ethyloxycafbonyl 

group, a p-toluenesutfbnyl group, an o-nltrophenyi«uitanyl group, a diphenyiphosphonothioyi group, a 

triphenylmethyl group or a 2-benzoly-lHnathyivlnyl group; 

Ra represents a hydrogen atom; or Ri and Ra may together form a phthaloyi group; 

Rj represents an Isobutyl group, a n-t)utyl group or an Isopropyt group and the above-mentioned Ri can b 

an unsubst'tuted-benzyloxycart)onyl group provided that Ra Is a n-butyl group; and 

R« represents a n-butyi group. 
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PROTEINASE INHIBITOR 



TWa Invention relates to a novel N-substltuted peptidyl aldehyde r presented by the general formula (1) 
which win be given hereinafter. Furthermore, it relates to a cysteine proteinase Inhibitor which compris s a 
compoynd of the general formula (1) as an active ingredient and exerts an intense enzyme inhibitory 
actvity on cysteine proteinases, in particular, on papain, calpain and even on cathepsia 

s It has been desired to develop a dnjg which spedficaily Inhibits the acthdUes of papain (E.C.3 4 22 2) 
and calpain (E.CJ.4^17) which are cysteine proteinases, since such a dnjg is useful as an' anU- 
inflammatory agent Calpain. which widely occurs In mammals and birds, is obsewed in cytosol It is 
considered that abnonnal activation of this enzyme causes serious diseases Including muscular dystrophy 
and cataracts. Cathepsin (ECA4.22.1) Is a proteinase localized in lysosome. It Is considered that abnormal 

10 activalion of this enzyme causes cancer metastasis, amyotrophy and muscular dystrophy. Therefore It has 
been desired to develop a drug which specifically Inhibits the activities of calpain and cathepsin and thus is 
applicable as a remedy for muscular dystrophy, amyotrophy and cataracts or as a metastasis inhibitor. 
Attempts have been made to develop dnjgs useful for the above-mentioned purposes. As a result a 
number of cysteine proteinase inhibitors have been found out hitherto (Shimizu B. et al.. J. Antibiot 25 515 

T5 (1872): Japanese Patent Laid-Open No. 2889(V1985: Japanese Patent Lald-Open No. 106600/1988:' and 
Japanese Patent laid-Open No. 103897/1888]. However, each of the known inhibitors required to be further 
iniproved in respect of activity and biomigratioa Furthermore. It Is urgently required to develop a compound 
wMch also exerts an Intense inhibition activity on cathepsin. 

The present Invention provides a compound which exerts a strong inhibition activity on cyst ine 

20 proteinases. In particular, cathepsin B and which shows excellent blomigraBon. 

More partlculariy. the present Invention provides a novel N-substituted pepUdyt aldehyde represented 
by the following general formula (1): 



R|-N-CH-CO-NH-CH-CHO (i) 
Ra 



30 



Wherein R, represente a 8tralght<hain or branched aeyt group having.2 to 10 carbon atoms (e.g.. octanoyl. 
caproyi or Isovaieryl group). • branched, cyclic or poiycycSc alkyloxycarfoonyl group having 4 to 15 carbon 
atoms (e^ t-butyloxycarbonyl. adamantytoxycaiDonyl or laobomytocycarbonyl group), a benzyloxycarbonyl 
35 group optionslly substituted with. 9^ a halogen atom, a nHro group or a methoxy group, a 2.2,2- 
trt*loroe1hytexycartx^ group, a 2-(trima%(8ilyl)elhyloxycailMnyi group, a p-toluenesulfonyl group, an o- 
nltrophenylaultenyl group, a diphenylphosphonothloyi group, a tiphenylmethyl group or a 2-ben2oyl-1- 
methyhHnyl gnaup: 

^' '^^m^a^ * hydrogen atom: or Ri and Ra may together fbrm a phthatoyi group; 
40 R» reprewnts ail isobutyl group, a n-butyl group or an Isopropyl group and the above^T»entionedf^1 can be 
3" unsubstHuted-benzytoxycarbonyl group provided that Rs Is a n-butyl group: and 
R« represente • n-butyi group; 

Which exerte a strong actMty of Inhibiting cathepsin B. calpain or papain. 

The peptide derivathm compound of the prssent Invention represented by the general formula (l) 
45 strongly Inhlbite papain, calpain and cathepsin B. Thut. it Is expected that this compound will further inhibit 
other qrstolne proteinases, for exampto. cathepsin H or L Furthennore. It Is expected that this compound 
would be useful In the treatment of Inflammation, cateracte. epidennolysis bullosa and pemphigus which 
might be caused by these cysteine proteinases. Fmihennore. an affinity column prepared by coupBng the 
compound of the present Invention on an appropriate support Is available In the purification of cysteine 
50 proteinases, in addition. It Is eiqiected that the compound of the present Invention would be available as a 
reagent in the fields of biochemistry and enzymology. 

The compound of the present Invention may be prepared In the following manner. 

Rrst a compound of the general formula (1) wherein a group represented by Rt or a group formed by 
Ri together with R2 Is steble In treatment with a base or reduction with a redudng agent may be prepared 
as follows. A compourxi represented t>y the following general formula (2): 



2 
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Ri -N-CH-CO-NH-CH-COORs ( 2 ) 

Ra 



wherein Ri, Rj, Rj and R* are as defined above regarding the general formula (1); and 
70 Rs represents a lower aJkyI group; 

is reduced by use of a reducing agent In an organic solvent so as to give an alcohol compound. Next th 
obtained alcohol compound is oxidized by use of an oxidizing agent to thereby give the aldehyde 
Alternatively, a compound represented by the following general fomiula (3): 



IS 



20 



Re-N-CH-CO-NH-CH-COORs (3) 
R7 



wherein Ri. (C and Rs are as defined above regarding the above general formula (2); 
Ri represents an amino-protactJng group which is stable to a treatment with a base or reduction by use of a 
>s reducing agent and 

R7 represents a hydrogen atom; or 

Rc and R7 together form an amlnoixoteeiing gnwp which Is stable to a treatment with a base or reduction 
by use of a reducing agent; 

can be used as the startng compound. The protecting group represented by R« or fonned by R« together 
30 with R, Is removed by an appropriate method. A desired group R, or a desired group formed by R, 

together with R, Is then Introduced to the amino group to give a compound represented by the general 

formula (2). which is then converted to a compound of the general fbrmula (1) as described above. 

A comixwnd represented by the general formula (1) wherein • group represented by R, or a group 

fpm>ed by Ri together with Ra Is unstable into a treatment with a base or reduction by use of a reducing 
3S agent may be prepared as fbllowa. A compound represented by the following general fomiula (3): 

R. R. 

^ R«-N-CH-CO-NH-CH-COORs (3) 

R? 



45 Wherein Rj. R4 and R| are as defined above regarding the above general formuIa,(2); 

R* represents an amino-protecting group which Is stable to a treatment with a base or reduction by use of a 

reducing agent; and 

R7 represents a hydrogen atom; or 

R« and Ry together form an amlnoi)rotectlng group which Is stable to a treatment with a base or reduction 

50 by use of a reducing agent; 

is reduced by use of a reducing agent In an organic solvem so as to give an alcohol compound. Next, the 
protecting group Rc or the one fonned by Rs together with R, Is removed by an appropriate method. Then 
a desired Ri group or the one formed by Ri together with Ra is Introduced into the amino group by an 
appropriate method. The alcohol moiety of the compound thus obtained Is then oxidized in the sam 

55 manner as the one described above so as to gh« the aldehyde. Thus the aimed compound can be readily 
obtained. 
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Examples 



To further Illustrate the present invention, the following enzyme Inhibition activity tests and Examples 
will be given. It is needtess to say. h wever. that the technical scope of th present invention Is not 
restricted thereby. 



Example 1 

Production of hl-octanoyKL-teucyl-L-norieuclnal On general fbmiula (l). R, « CH3(CH-)sC0- R, = H- R, 
= (CHshCHCHi-. R« » CH,(CHi)j-J: 



(a) Production of N-octanoyH.'leudne 

ZSgOf L-leudne was dissolvwj In 20 ml of 1 N sodium hydroxide. 3.3 ml of octanoyi chloride and 20 
ml of 1 N sodium hydroxida were added thereto under ic»<ooHng and the mixture so formed was stirred at 
room temperature for 8 hours. After the completion of the reaction, the reaction mixture was washed with 
ether. 5 N hydrochloric add was added to the aqueous phase to thereby lower the pH value to 2 or below 
followed by extractino with ethyl acetsts. The extract was dried over anhydrous sodium sulfate After 
distlinng off the solvent under reduced pressure, the residue was recrystalllzed from a solvent mixture of 
ethyl acetate and hexane. Thus. 4^ g of the titled N.octanoyH.-leucine was obtained in the form of crystals 



(b) Production of t<-octanoyl-L-teiicyH.-norleuclne methyl ester 

^ -ii?^** ott«"*d In «h* ■bove step (a) and 1.8 g of L-oorieudne methyl ester 

hydrodiloride were dissolved In 50 ml of dry dlmethylfbrmamtde. Next 1.6 g of diethyl cyanophosphonat 
was added thereto. 2.0 g of triethytamlne was further added to the obtained solution under ice^ling and 
the resulting mixture was stiired at room temperature for 12 hows. After the completion of the reaction. 200 
ml of water was added to the reaction mixture. Then It was extracted with ether. The organic phase was 
suc(»ssNely washed with 1 N hydrodilorte add. a saturated aqueous solution of NaCI. a saturated solution 
of sodium hydrogeneaitMnate and a saturated aqueous solution of NaO and then dried over anhydrous 
sodium sulfate. After dlstHOng off the sohmnt under reduced pressure, the residue was purified by medium 
pressure column chromatography by use of silica gel Thus 2.2 g of the titled N-octanoyl-L-leucyl-L- 
norleudne methyl ester was obtained In the form of an oily product 



(c) Production of rf«aanoyH.-teocyH.-nof1eudnol 

i2 0 ofttw M<ctanoyH.-leucyH.-nofleudne methyl estsr obtained m the above step (b) and 1.0 o of 
sodium borohydrids wera suspended In 20 ml of t-butyl alcohol and then heated under reflux in a nitrogen 
atmosphere at 00 & Next 8 ml of absolute methanol was added thereto dropwisa under reflux. After the 
completion of the addition, the mixture was sUnred under reflux for 30 minutes and then cooled to room 
temperature. 30 ml of water waa added thereto under Ice^ootlng. After distlinng off the methanol and t-butyl 
alcohol under reduced pressure, the residue was thrice extracted with ethyl acetate, washed with a 
saturated aqueous solution of NaCI and dried over anhydrous magnesium sulfate. The ethyl acetate was 
dlsMlted off under reduced pressure and the obtained residue was purifled by medium pressure column 
djromatography by use of silica geL Thus 1.7 g of the tttled N-octanoyl-L-leucyl-L-norleudnol was obtained 
in the form of crystals. 



(d) ProducUon of N-octanoyH.-leucyl-L'norieudnal 

1.7 g of the N-octanoyl-L-leucyH.-nor1eudnol obtained In the above step (c) and 2.0 g of triethylamine 
were dissolved in 20 ml of dry dimethylsulfoxide. Then a solution of 3.0 g of sulfur trioxide/pyrldlne complex 
dissolved In 20 ml of dimethylsulfoxide was added thereto under stirring. The mixture was stirred at room 
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tompenrture for 10 minutM and tt. n poured into 200 ml of lea water. Aft r thric extracting with ethyl 

IIT' , Tr."^^ !f " ''^ °' « »»«"«ted aqueous 

solution of Naa. a saturated solution of sodium hydrogencarbonate and a saturated aqueous solution of 
NaCI and dried over anhydrous sodium sulfate. After distilling off the ethyl acetate, th residue was 
recrystalUzed from a solvent mixtur of ethyl acetate and hexane. Thus 1.0 g of th target comoound N- 
octanoyl-L-leucyl-L-norieudnal was obtained In the fonn of crystals. 



70 



1$ 



20 



as 



Example 2 

(a) Production of N-capfoy>-L>leudnq 

4 .^M '■""^i"" m 20 ml Of 1 N sodium hydroxide. 3.0 g of caproyi chloride and 20 ml 

of 1 N sodium hydrwade were added thereto under lc»<oolIng and the mixture so formed was stirred at 
hours. Aft* th. compwon of the reaction, the reaction mixture was wasS wim 
ether. 5 N hydmchtoric add was added to the aqueous phase to thereby lower the pH value to ?or betow 

LiS StS^^'^!!r'- ^ «*«t over anhydrous'sodium t'ate. iJe" 

d sUI Ing o« the solvent under reduced pressure, the residue was recrystalllzed from a solvent mixtur f 
ethyl acetate and hexana. Thus. 2.8 g of the titled l^-eaproyt-L^eudne was obtained In the form of crystals. 

(b) Production of N-caproyH.'leucyi-L-norieudne methyl ester 

u^^UHf^'' In lha above step (a) and 2J> g of L-norieudne methyl ester 

"^^^ T m 50 ml Of dry dlmethyfbrm«nlde. Next. 2.0 g of diethyl cyanophosphonate 

was added thereto. 2.0 g of trtethylamlne was further added to the obtained solution und2r iceH:ooi^l,g and 
the resulting mixtoro was stirred at room temperature tor 12 hours. After the completion of ttie reaction. 200 
ml of water was added to the reaction mbctore. Then it was extracted with ether. The organic phase was 
T^T^., Z"*^ "fJ ^'y^^ ■ "«"nrted aqueous solution of Naa. a SturatJd solution 
r^^^,^^"^^!^ «xl a satur^ed solutton of NaO and then dried over anhydrou! 

sodium sulfate. After distilling off the solv«« under redue«l pr«s«<r.. the residue was purified by m«j?um 
pressure column chromatography by use of silica get Thus 2.2 g of the tiUed N-caproyl-L-leucyl-L- 
norteuane methyl ester was obtained In the itorm of an oily product 

(c) Production of N-caproyH.-<eucyH.-norleudnol 

2^ 0 of the N-caproyM.^eucyH.-norieudn. methyl ester obtained In ttie above step (b) and 1.0 a of 
. f^filHi^^r^I^^*!? In 20 ml of t-butyl alcohol and then heated under reflux in a nitrogen 

45 atmosphere at 80 C. Next 8 ml of absolute methanol was added thereto dropwise under reffux. After the 
comptetton of tt» addition, the mixture was stined under reflux for 30 minutes and then cooled to room 
^imS!?^* 30 o< water was added thereto under h^cooOng. After distilling off the methanol and t-butyl 
alcoholunder reduced pressure, the residue was thrice extracted with ethyl acetate, washed with a 
«*J«t8d aqueous solution of NaCI and dried over anhydrous magnesium sulfate. The ethyl aeeteto was 
disUlled off under reducwl pressure and the obtained residue was recrystailized from a solvent mixture of 
ethyl acetate and hexane. Thus 1.6 g of the tttled N<aproyH.-leucyH.-norieudnol was obtained in tfie form 
of crystals. 



00 



35 



40 



50 



55 (d) Production of N-capfDyK-leucyH.-nof1audnal 

1.8 0 of the NHapfDyK-leticyH--norleudnol ot^talned In the above step (c) and 2.0 g of triethylamine 
were dissolved In 15 ml of dry dimethylsulfoxide. Then a solution of 3.0 g of sulfur trioxide/pyridlne complex 



5 
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wTl . '!!!^^'~'**^ was added thereto under stirring. Th mixture was stirred at room 
temperature tor 10 minute* and then poured Into 200 mi of ice water. After thrice extracting with ethyl 

i !f ' » aqueous 

soluHon of NaO, a saturated solution of sodium hydrogoncarbonate and a saturated aqueous solution of 
5 NaCI and dried over anhydrous sodium sulfate. After distiinng off the ethyl acetate under reduced pressure 
th residue was purified by medium pressure column chromatography by use of silica gel. Thus 1.0 g of 
the target compouixl N<aproy|.L-leucyH.-norieudnal was obtained In the form of powder. 

10 Example 3 

Produrton of N-lst«.lo^^ p„ . (CH.),CHCH,CO-. - H-. 



(a) Production of hHsovaleryl-L-leudne 

«. if S lir'**?!!!!^ In 40 ml of 1 N sodium hydroxide. 2.A g of isovaleryl chloride and 40 

1™ Jl r "'^ '"^infl -nd the mixture so forced was stirred at 

T^^y.^ ^Sr- compirtioo of the reaction, the reaction mixture was washed wiS 

J"^^:^ •SLT'"*^ ^ thereby lower the pH value to 2 or bel w 

2 ^ ^.!^^ ^ ^ ^ anhydrous sodium sulfate. After 

S^^^' "^"^^ from a solvent ml^ro; 

ethyl acetate and hexane. Thus ^8 g of the titled NHsovalefyKWeuclne was obtained in the tomi of 
crystals. 

(b) Production of N-isovale>yH..|eucyM.-norleudne methyl ester 

h„rf^?^!* lntheabov*stop(a)and2.2gof L^orieucine methyl ester 

IS^t^ f J" *^ <;m«t,y«fom«mld.. ftext. 2.0 g of diethyl cyanophosphonat 

Z^J^SJ1° USir '^'"•J!!' to obtained solution under lce<oollng and 

»e resuMng "lixtura was stfared at room temperature for 12 hours. After the completion of the reaction. 200 

^ « *«h eth^. The organic phase was 

M^^T^^J?"^ " •'y*«*'o^ •^'l. « "«"ntfed aqueous solution of NaCI. a saturated solution 

tJ^"^J^I!!!1^^ and a saturated aqueous solutton of NaQ and then dried over anhydrous 
sodium sulfate. After dlsUDno off the solvent under reduced pressui*. the residue was purified by medium 
^ ^^.''r«»«te«Why by use of silica gel Thu* 1.8 0 of the titled r4HSOvaleryi-L-leucyl-L- 

« norieudne methyl ester was obtelned In the form of an oily product 



20 
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(c) Production of W-toovalaryH.-teucyH.^K)rteudnol 

BO*** N^«>vateiyH.-leocyH.-nor1eo^ methyl ester obtained In the above step (b) and 1.0 g of 
""P*^ m 30 ml of t*utyl alcohol and then heated under reflux in a nitrtwen 
"^i^.!?^ 1^ * "^"^ 'I'opwise under reflux. After th 

compleflon of the addition, the mbrtura was stirred under reflux for 30 minutes and then cooled to room 
temperatura. 30 ml of water was added thereto under k»cooang. After dlstllOng off the methanol and t-butyl 
alcohol under reduced pressure, the residue was thrice extracted wHh ethyl acetate, washed with a 
^^toistod aqueous solution of Naa and dried over anhydrous magnesium sulfate. The ethyl acetate was 
2^?™ *• recrysttlllzed from a solvent mixture of 

ethyl acetate and hexane. Thus 1.2 g of the tlttod M^sovaleryK-teocyKL^orteudnol was obtelned in the 
form of crystals. 



(d) Production of N430valefyH.-leucyH.-fK)rieuclnal 
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15 



S^^s3.iv2^r« 1 L i 1^,^^^^ • 0' 2.0 g of sulfur trioxide^yridin complex 

te^S^« I! t (flmethylsuftodde wa, added the«rto und r stirring. The mixture wTstirred atTC 
llTtT^ mmute. tf. n poured irrto 200 ml of ice wat r. Aft r ttwice extractir,g wi5i ZZ 

acetate, n was successively washed with a 10% aqueous soluti n of citric add » ^hlTfL ^ 

^TJ^:^' ' '^TJ "^'"^ •'y^-o-^ate^^Tsi^vc:^^^ 

J^l'^!^'^ '"'^^''"^ After distiinng off the ethyl acetatr the reSe w« 

recrystainzed from a solvent mMum of ethyl acetate and hexarM TTius 0 7 / J^rt! J^f 
isovale,y|.L.Ieucy|.L^rteudnaJ was obtalnJinTJirof cj,^^^ ' "'^ 



Example 4 



20 



2S 



30 



(a) Production of N-t-butyloxycartaonvl.L.|eucyH.-norieucine methyl ester 

2.5 g of f^l-t-*utyloxycaft»nyM..|eudne monohydrate was dissolved in 50 ml of dry methylene chlorida 
?^ ^ 9 °^-^^3;2;<«"Hrthylamlnop,opyl)c«^ hydrochloride was a^d^ uS^to ToT 
sok^on «, termed^ add«l a solution of 13 g of L-norleudne methyl ester hydrochtoride ^d 1^^ g of 
tnethytamine di«oived in 50 ml of dry methytene chloride. The resuWng mixLe was sSrr^ at room 

^riThJjrJ^iSJ t2? ? ri'ir ^--oo Zure was su^«^ylsh^ 

with 1 N hydrochloric add. a saturated aqueous solution of NaO. a saturated solution of sodium 

siS'S^Sno'^ir^ ^ »olu«on of NaCI and ti,e„ dried over ^hydrou l^Z 
^^J^ ^ ""^"^ ^ P«ffl«<l by m^lum pressure 

column chromatography 1^ use of slUca geL Thus 4.0 g of ttni titied N^^toxycarb^w^-reucTt- 
norieudne mettiyl ester was obtained in the fonn of crystals. -ouiywxycaroonyi l leucyl-L- 

(b) Production of N-t-butyloxycartx)nyH.-ieucyH.-norieucinol 

nl'2rS,^ ^^^^Li^^^^T »«P«**»^ in 60 ml of t-butyi alcohol and then heated under reflux In a 
t^ZT^^ ; ^ '° was «Jded thereto dropwise under re lux 

^ .'^ "^J?"' *• ""^ was Stirred under reflux for minutes Td then cool^ to 

t^llSS^rlir ^i:"' adjd tiM^to under la«oollng. After distilling off the mett^anoTand 
Ial2iJ?2ii^S^ *~ '^y* v'^shed with a 

df^^oi^^^^S A**! over -nhydrous magnesium sulfate. The ethyl acetate was 

o1ZSn!r*S,Tc?;;S!lr «^ ^ « <^ N+b«.ytexycaHxnyM.^ucyK.orieucinol was 

^ Production of N-H)utyloxyctttonyH.-leueyH.-norteudnal 

w Jl».^ ''•tJ'rtVjwy^^ obtained In tt>e above step (b) and 1.2 g of 

15?!SJr ««'n«hyteulfbxide. Th«, a ^jIutioTof 2.0 g of sSfu 

triadde/|E>yridln« complex disaolvwl In 12 ml of dlmethylsuHMde wa. added thereto under stirring. Th 

fhrilJl^v!^ '!!il!!TJ!I?'*^ ^ <>' vyater After 

ttirice (Mracting witti ettiyl acetate, it was successively washed with a 10% aqueous solution of citric acid a 

« ^^^'STJ^' ' ''y«»'5««ca,t«nate and a i"ra,;d 

6« aqueous solution of NaO and dried over anhydrous sodium suHata After distilling off the etiiyl acetate, the 
residue was rMiy^iized from a solvent mixture of ethyl acetate and hexane. Thus 0.5 g of ttie target 
compound hH-butyloxycafbonyl^.Heucyi-L-oorieudnal was obtained in tt)e form of crystals. 



35 



40 
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Example S 



Production of r^adamantyto)cycartX)nyhL-leiK:yl-L-flor^ [in gooeral formula (1). R, = 
[3.3.1 ,13.7]decan6-OCO. Rj « H-. R, » (CHihCHCHj-. R* « CH3(CI^),-]: 



(a) Production of N-adamantyloxycarbonyH'laudne 

^6 g of L-loudne and 7,0 g of potassium cartx>nate were dissolved in 100 ml of water. 40 g of 
adamantyloxycartxxiyl fluoride was added thereto under lceK»ollng and the mixture so formed was stirred 
at room temperature for 3 hours. After the completion of the reaction, the reaction mixture was washed with 
ether. 50% phosphoric add was added to the aqueous phase to thereby lower the pH value to 2 or below 
followed by extracting with ether. The extract was dried over anhydrous sodium sulfate. After distilling off 
the sohwrt under reduced pressure, the residue was recrystalUzed from a solvent mixture of ethyl acetate 
and hexane. Thus 3.8 g of the titled N-adamantyloxycarbonyl-L.|eucine was obtained in the form of crystals. 



(b) Production of N^amantyloxycarixyiyH-leucyl-L-norieuctne methyl ester 

3.1 g of the N-adamantyloxycarbonyl-L-leucine obtained In the above step (a) was dissolved in 50 ml of 
dry methylene chloride. 1^ g of 1-ethyKH3-dlmethylaminopropyl)cart)odllmide hydrochloride was add d 
thereto. To the solution so formed, was added a solution of 1.8 g of L-norieucine methyl ester hydrochloride 
and 1.2 g of triethytamtne dissolved in 50 ml of dry methylene chloride. The mixture was stirred at room 
temperature for 12 hour*. After the completion of the reaction, the reaction mixture was successively 
washed with 1 N hydrochloric actd. a satirated aqueous solution of Naa, a saturated solution of sodium 
hydrogencarbonate and m saturated aqueous solution of NaO and then dried over anhydrous sodium 
sulfate. After distilftng off tt» solvent under reduced pressure, the residue was purified by medium pressure 
column chromatography by use of silica gel. Thus 2.8 g of the titled r4-adamantyloxycarbonyl-L-Ieucvl-L- 
norieudne methyl ester was obtained In the fonn of an oily product 



(c) Production of N-«lafnantytoxycaftX3nyM.-leucyl-L-nor1eodno l 

^QOf^ ^*-aclamantytoxycarbonyW.^eucyK.Hxx^^ methyl ester obtained in the above step (b) 
and 1 .0 g of sodium borohydride were suspended In 50 ml of t^xjtyl alcohol and then heated under reflux in 
a nitrogen atmosphere at 90 & Next 10 ml of absolute methanol was added thereto dropwise under reflux. 
After the completion <rf the addition, the mbctur© was stirred under reflux for 30 minutes and then cooled to 
room temperature. 30 ml of water was added thereto under ice<oollng. After distilling off the methanol and 
t-b utyl alc ohol under reduced pressive. the residue was thrice extracted with ethyl acetate, washed with a 
saturated aqueous solution o# Naa and dried over anhydrous magnesium sulfate. The ethyl acetate was 
dlstllledloff under reduced pressure and the obtained residue was purified by medium pressure column 
chromatography by use ol slHca gel. Thus 2-2 g of the titled N-adamantyloxycartx)nyl-L-leucyl-L-norieudnol 
was obtained In the form of a powder. 



(d) Production of N-edanwttytexycarbonyK.-leucyM.*norieudnal 

1i) g of the M-edamantytaxycarbonyK-leucyR-norieodnol obtained In the above step (c) and 1.0 g of 
trfethylamine were dissolved In 10 ml of dry dimethytsutfoxide. Then a solution of 1.8 g of sulfur 
triojdde/lpyridlne complex dissolved in 12 ml of dimethytsulfoxide was added thereto under stirring. The 
mixture was stirred at room temperature for 10 minutes and then poured Into 200 ml of ice water. After 
thrice extracting with ethyl acetate. It was successively washed with a 10% aqueous solution of citric acid, a 
saturated aqueous solution o* Naa, a saturated solution of sodium hydrogencartwnate and a saturated 
aqueous solution of NaO and dried over anhydrous sodium sulfate. After dIstilOng off the ethyl acetate, the 
residue was purified by reverse phase medum pressure column chromatography by use of octadecyl 
silane. Thus 0.8 g of the target compound N-adamantyloxycarbonyl-L-leucyl-L-norleudnaJ was obtained In 
the form of a powder. 
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Example 6 



^''^''^S^^^*^^'''^^ [in general (onnula (1). R, - (4-01)- 

5 CtH^CHaOCO-. Ra - H-. R, - (CHjhCHCH,-. R« - CHi(CHa),-): 

(a) Production of N-p-chloroben2yloxycart)onyKUeudne dieydohexylamlne salt 

to 3^ <a L-leudne and 4i q of potassium cart>onat» were dissolved In 100 ml of water. A solution of 6 2 
g of p^lorobenryloxycarbonyl chloride dissolved In 10 ml of dioxane was added thereto under lces»oling 
■nie mixture so formed was stirred at room temperature for 8 hours. After the completion of the reaction, the 
reaction mbjro was washed with ether. 5 N hydrochloric add was added to the aqueous phase to the eby 
lower the pH value to 2 or below followed by extracting wHh ethyl acetate. The extract was dried over 

IS anhydrous sodium sutfate. After concentrating the solvent under reduced pressure. 8.0 ml of dicyclohex- 
y amne was added thejeto. Thus 0.5 g of the titled Ni>^lorob«ttyloxyc«rbonyl-L-leuclne.dicyclohex- 
ylamine salt was obtained in the form of crystals. ."v,y»,iuiio« 



M (b) Production of N-p<hlorobenzyloxycarbonyi-L-leucyl-L-norieudne methyl ester 

4.8 g of the N^lorobenryloxycarbonyl-L-leucine dieydohexylamlne salt obtained in the above step 
(a) was suspended in 100 ml of ethyl «»tate and washed with . 10% aqueous solution of dtric add. Th 
S[^l?'^TJ*^!i^ «*yd,ou. «,dlum sulfate. After distilling off the solvent, the resWue was 
J^^^"^*^^-^ fl of 1.e,hyW^«imethyl«nlnopropyl)c«^^ hyd^S 
nde was added tfweto. To the solution thus Ibnned. was added • solution of 1.8 g of L-norieudne methyl 
t^JlL^^ «'^r''""J2l'!r^ m 60 ml Of dry methylene diloride foltowed by stirring 
temperahwe ter12 hour.. After the completion of the reaction, the readion mixture was suLssively 

^ut^^S^!^«J^ir^ ^S^T^"^ of Naa and then dried over anhydrous sodium 
suttate. After sMI Ing off the sotvent under reduced pressure, the residue was purified by medium pressure 
cdumn chromatogiBphjM^ use o^ siDca get Thus 3.0 g of the titied N^H*loroben2yloxycarbony|.L.Ieucy|. 
L-norieuane methyl ester was obtained in the form of crystals. / 



2S 



30 



35 



40 



45 



(c) Production of N-p-chlorobeozyloxyearbonyH.«leucyH.-norteudnol 

/K* ? *e hl^lorobenzytoxyeaibonyK-teucyKMK)^ methyl ester obtained In the above step 
(b) and 1J) g^of sodium borohydride were suspended in 40 ml of t-butyl alcohol and then heated under 
reflux In a nitrogen atmosphere at 90 C. Next. 10 ml of absolute methand was added thereto dropwise 
under reftac After the completion of the addition, the mixture was stirred under reflux for 30 minutes and 

30 <^ wsa added thereto under lc»<ool!ng. After distilling off the 
il!irl!ir^ P™^' •««raded with ethyl acetat . 

wadied with a nfantod aqueous solution of NaO and dried over anhydrous magnesium sulfate. The ethyl 
acetate wMd^s^nad off under reduced pressure and Jhe obtained residue was purified by medium pressur 
colurnn diromatography byuseof silica geLThusiagofthetitled ^H«hlorobenzytoxycarbony^L■leucy|. 
L-norteudnd was obtained in the form of an dly product 



50 (d) Production of N-p-chloroben z yloxycarfaonyl-L-leucyi-L-norieudnal 

1.0 g of the Nl>«hloroben»yloxycarbonyH.-teucyW.-norieudnd obtained In the above step (c) and 1.2 
0 of trieftytomlne were dissolved In 10 ml of dry dlmethylsulfoxxide. Then a sdutlon of 2.0 g of sulfur 
tnoxida/jwridlne complex dissolved In 10 ml of dmethylsuNoxide was added thereto under stirring. The 
55 mixture was stirred at room temperature tor 10 minutes and then poured Irtto 200 ml of Ice water. After 
thrice extracting with ethyl acetate. It was successively washed with a 10% aqueous solution of dtric acid, a 
saturated aqueous solution of NaO, a saturated solution of sodium hydrogencarixnate and a saturated 
aqueoue solution of NaO and dried over anhydrous sodium sulfate. After disUiDng off th ethyl acetate, the 
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l^a^ TJ^^!!!!^ ^ hexane. Thus 0.7 g of th target 

compound ^HH*lorobenzytoxycartx)ny|.L^eucy W.h»^ was obtained in the form of crystals. 

Example 7 

^r!^"^!*Z^J;^^^^?'^^ - (4.CH,0)- 

CsKUCHjOCO-. Rs - H-. R, - {CHjbCHCH,-. FU » CH,(CH2),-J: 

(a) Production of N-p-methexytaenzyloxvcarbonyl-L'teucine dlcydohexylamlne salt 

'"')^"! ' '^•'^N dissolved in IS ml of water. A solution of 9.1 g of p- 

metlH«ybenzy|.8^ 6^methylpyrimldln-2.yl^^ dissolved In 20 ml of dioxiuie was added hereto 
under Ice^bng The rnlxture so formed was stimtd at room temperature for 5 hours. After the completion 
M ^ added to the reaction mixture followed by washing with elhyl acetate. 5 

t. '^TJ^ n "^S ^J!! tower the pH value S 2 or beL followed 

^ fT^- ^ was dried over sodium sulfate. After distilling off the solvent 

"^%nlS"^t^:^Zl-° ? '2f*«V'«"ine was «Jd«l to the conc«.trated solutii. Thus 9 0 g 2 
Sjswf dicyctohexylamine salt was obtained in the form of 

<b) Production of Ni>-mathoxyfaen2yloxycaibonyK..leucyH.-nor1eucine melhvl astar 

° <^ «»fH>;""«^^ dlcydohexylamlne salt obtained In the above step 

(a) was suspended In 100 ml of ethyl acetate and washed with a 10% aqueous solution of citric^d tS 

?^!^!lJr L!^*^' "»«»yl«»« chloride. 24 9 of 1-«hyM^imethylamlnop™pyl)carbodiimid 

bTliTJ'JTS;::^ w "•»^'«» •» 50 ml Of dor methylene Siloride follS^^ 

!.!^^!^J!^L^ ^ hydrochloric add. ■ saturated aqueous sdution of NaO. a saturated solution 
ofsodum hydrogena^^ and a saturtied aqueoua solution of NaCt and then dried over^hydrous 
sodium sul«e. After dlstflnnQ off Ihe «,lvent under red«»d p^ssure. th. residue was pum^tTm^Z 
^^.J^ duomatography by us. of siDc geL Thus 3J) g of me titled 
methoxybenzyloxycarbonyH.HeocyH.^»rieadn. methyl ester was obtained in th^ 

(c) Production of N-P-malhaxyfaenzyloicycarfaonyt-L-leucyH.-florieudnol 

^Ji^^^!^ '*JHn^ftoxybe^^ n»tt,yl ^^er obtained in the above 

Step <b) and IJfl oraodlumborohydride wer. suspended In 40 ml of t^l alcohol and then heated under 

^ JL?J^*?~'^![L^?i°- ^® "^"^ dropwis 
under After th. comptotion of the addKton. the mixture was sUired under reflux for 30 minutes and 

30 ml of water wa. added th«»to under k»cooOng. After distilling off the 

;S^J^ *i2i!?^ P*^' ^ *~ ethyl acetate. 

JI.!S1?S* of Naa and dried over anhydrous magnesium sulfate. The ethyl 

acetate was dMOed off undw rMluc«l presaur. and th. obtelnwl rmidu. was purified by medium pressure 

Si^SSToSLlS JrZt 2^ " N^e^^xyben^loxycarbony^L- 

(d) Production of ^H>^^l6thoxyfaenzyloKycarbonyl^L-^eucy^^L•norteudnal 

14) g of the ^H)^nethoxyben2yloxycalbonyH.■^eucyW.-norieudnol obtained In the abov step (c) and 
1.2 g of triethylamine were dissolved in 10 ml of dry dimethylsulfbxxide. Then a solution of 2.0 g of sulfur 
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m^^^Z^^^'^ 1 ^^"^^^^ thereto under stirring. The 

LTexJ^H^i^lZlS^'^ T'"^ •^"'^ 200 ml Of ic water^ After 

thriwttrtrBctino wHh ethyl acetate, it was successiv iy washed with a 10% aqueous solution of citric add a 
saturated aqu«>u« .olution of Naa. a satunrt^J «>lutlon of «x«um hydrog ncart^rand a sa^rL 
5 aqueous «,lution Of N.a and dried over anhydaH.s«,lutlon sulfate. AflJ^ S aceSi T 

'^ "^TJ^^^^^ from a solvent mixture of ethyl acetate and hexane. Thus 0.7 g 0^^013^ 
compound rHwnethoxyben^cart»nyl-HeucyH..«xleuclnal was obtained In the form of crystals. 

10 Example 8 



75 



20 



25 



(e) Production of N^)enzylo)cycart>onyH..leucv>-LMWrieudne methvl eater 

7.4 g of N-benryloxycaitonyl-L-leuane was dissolved in 100 ml of dry methylene chloride anrf a 3 « » 

mfo*^^!^J^!^LZl'^ L-norteodne methyl ester hydrochloride and 4.2 g of triethylamine in 100 
l^r^J^T!^j!^L^ '^""^ ""^ was stirred at room temperature for 12 ho^^. After th 
.compleuon of the reaction, the reaction mixture was succesah^ly washed with 1 N hydrochSc ac d , 

Z^^J^JL 2S ' '''^ "^"^ hydrooencartx,na.e rnaS;d 

^^^^^ of Naa and dried over sodium sulfate. After distilling off the so^ent. the residue w« 
punfied by medium pressure column chromatography by use of siiloi oel Thus 12 a at ^I t^J^^ 
benzyloxycarbonyl^-UHKyK^KxIeudnem^m;^^ °' 

30 (b) Production of N-benzyloxycartx)nyl-L-teucyH..norieudnol 

3 0 a°of°^ JiSISlT^^liiif"'^'™^^ ""^ ^ '^"^ »bove step (a) and 
n^rl t^^^lST^rJIVr miOO ml of Mxityl alcohol and then heated under reflux in a 

nibogen atmosphere « 90 C. Next. 20 ml of absolute methanol was added thereto dropwise unde Tal^^ 

"^T^ wa. «lnBd under reflux for 30 minutes Sirtt^rSc;:;^ 
tZLi^CS!?^ k^cooilng. After distilling off ttie methanol and 

^ emyl^catate. washe^Jira 

^^J^^^a^ *^ "»V*oua magnesium sulfate. The ett^yi acetate was 

^^SHJ^^JT^ ^J!!*^'^ P*^** by medium pressure colum" 

t:rX::Z ^^^0,^^. N^^cari^ny^L. Jcy.L.orieucmol 



3S 



40 



4S 



50 



55 



(c) Production of N-pnltrobenzyloxycarbonyH.»ieucyH.fwrieuclnol 

so mf 'n the above step «» was dissolved in 

^onZi SSL^ ^TT" c«boo wa. added thoreS «id the mixtuT sC 

DJSl.r^SrtrJll^ tor 3 hour.. After the completion of the reaction, th 

r^^!J±;2?:"~^~' <>««"tltaBvely obtained. Next 20 ml of water and 1.5 g of^ium 
S^lSr^JS'J:;!'*^^ . -ofcition Of 14! g Of p^nzyloxycarbSny. c^Sie 

J2 *^ by stinlng at room temperature for 3 hours After the 

^ ^L!!!l!^J!lJfS^ magnesium sulfate. After distiinng off the ethyl 

f^!?5:J5fJ!!^ "»y»*^"»«' ^ « «>lvent mbdun* of ethyl acetate and hexane. Thus ZD g of the 
btled NiM,itrobenryloxycarbonyH..ieucy».L-norleodnol was obtained in the form of crystals. 
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(d) Production of ^H><lft^Dbenzytoxyca^bonyH^»le^cy^L'0^^ 

1.0 0 of tha ^^tHUtrobenzytoxycartx)^lyK-^^ obtained in the aboy step (c) and 1 2 g 

of trlethylamlne were dissolved In 10 ml of dry dimethylsulfoxide. TTien a solution of 2.0 g of sulfur 
trioxide/pyridlne complex dissolved In 10 ml of dimethylsulfoxide was added thereto under stirring. The 
mixture was stirred at room temperature for 10 minutes and then poured Into 200 ml of ice water. After 
thrice extracting with ethyl acetate, it was successively washed with a 10% aqueous solution of citric acid a 
saturated aqueous solution of NaO. a saturated solution of sodium hydrogencarbonate and a saturated 
aqueous solution of Naa.and dried over anhydrous sodium sulfate. After distilling off the ethyl acetate, the 
residue was recrystallized from a solvent mbrture of ethyl acetate and hexane. Thus 0.8 g of the target 
compound Ni>-nitrobenzytoxycarbonyR.-Ieucyl-L-norieudnal was obtained In the form of crystals. 

Example 9 

Production of NK>-chlorobenryloxycarbonyl4.^eucyW.-norl^^ [In general formula (1). hi = (2-CIV 
C«H4CH20CO-. - H.. R, - (CHjhOHCH,.. - CH,{CHah-I: 

(a) Production of N-<xhlofDbenzytoxycart>onyH'>eudne dicyctohexylamine salt 

4.0 g of L-leudne ethyl ester hydrochloride and g of triethylamlne were dissolved in 100 ml of dry 
tetrahydrofuran. Then 5.0 g of N-{2-chloroben2yloxycart)onyl)oxysuccinimide was added thereto under Ice- 
coollng. Tha mixture so formed was stirred at room temperBturs for 12 hours. After the completion of the 
reaction, the solvent was dIstiBed off under reduced pressure and 50 ml of water was added to the residue. 
After extracting with ethyl acetate, the extract was dried over sodium sulfate. The solvent was distilled off 
under reduced pressure and tha residua was purified with medium pressure column chromatography by 
use of silica geL Thus 7.0 g of NKH^Iorobeniytaxycart)onyH.-teudne ethyl ester was obtained in the form 
of an olV product Next tWs product was dissolved In 20 ml of methanol and 30 ml of 1 N sodium 
hydroxide and 50 ml of water were added thereto. The mixture so fonned was heated to 80'c under 
stimng for 1 hour. After tha completion of tha reaction, the reaction mbrture was washed with ethyl acetate. 
5 N hydrochloric add was added to the aqueous phase to thereby lower the pH value to 2 or below 
followed by extracting with ethyl acetate. Tha organic phase was dried over anhydrous sodium sulfate and 
concentrated under reduced pressure. After addng 6.0 g of dicyclohexylamlne. 5.5 g of the titled N-o- 
chlorobenryloxycartJonyl-L^eucina dicyclohexylamlna salt was obtained In the fonn of crystals. 

(b) Production of ^^<)<hterobe^^ytoxyc»tK>nyK^eucyH-'f^^ methyl ester 

43 g of the N-o<hlorobenzyloxycart)onyl-L-leudna dk:ydohexytamlne salt obtained in the above step 

(a) was suspended In 100 ml of ethyl acatata and washed wtth a 10% aqueous solution of citric add. The 
organic phase was dried over sotfum sulfate. After (fistilSno off tha solvent the residue was dissolved In 50 
ml of methylene chloride. 2.2 g of 1-«1hyl-3K3Kflmethylaminopropyl)carbod^^ hydrochloride was added 
thereta To tha solution thus formed, was added a solution of 1.8 g of L-norteudne methyl est r 
hydrochlorida and 1.2 g of triethylamina tfssolvad In 50 ml of dry methylene chloride followed by stirring at 
room temperature for 12 hours. After tha completion of tha reaction, the reaction mixture was successively 
washed with 1 N hydrochloric add, a saturated aqueous solution of Naa. a saturated solution of sodium 
hydrogencartxxiate and a saturated aqueoua adutlon of NaCt and then dried over anhydrous sodium 
sutto. ^rdlstllllng off tha solvent under reduced pressure, the residue was purified by medium pressure 
column chromatography by use of siDca get Thus 3.0 g of the tftied N-o<hlorobenzyloxycart)onyl-L-leucyl- 
L-norieudne methyl ester was obtained In the form of crystals. 

(c) Production of NK><hlorobenzytoxycartxxtyK,4eucyl*L-norieudnol 

3.0 g of the ^H>-chlorobenzytoxycart)onyK•^eucyKH)ori^ methyl ester obtained in the above step 

(b) and 1J) g of sodium borohydride were suspended in 50 ml of t-butyl alcohol and then heated under 
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reflux in a nUrogen atmospher at 80 C. Next, 10 ml of absolute m tbanol was added thereto dropwise 
und r reflux. After the compl tloo of the addiUon. the mixture was stirred under reflux for 30 minut s and 
then cooled to room temperature. 30 ml of water was added thereto under ice-cooiing. After distilling off the 
methanol and t-butyl alcohol under reduced pressure, the residue was thrice extracted with ethyl ac tate 
5 washed with a saturated aqueous solution of NaCI and dried over anhydrous magn slum sulfate. The ethyi 
acetate was distilled off under reduced pressure and the obtained residue was purified by medium pressure 
column chromatography by use of silica gel. Thus 2.0 got the tftied ra-<>chlorobenzyloxycafbonyl-L-leucyl- 
L-norteuctnol was obtained In the form of crystals. 

10 

(d) Production of N-OK:hk>roben2yloxycarbonyl»L-leucyM,-norieuclnai 

1.0 g of tfie ^^o<:hIorobe^zyloxycarbony^-L-leucyK•-norleuc^nol obtained in the above step (c) and 1.2 g 
of triethy lamina were dissolved in 15 ml of dry dimethylsulfoxide. Then a solution of 2.0 g of sulfur 

IS trioxide/pyridine complex dissolved In 15 ml of dimottiylsutfoxide was added thereto under stirring. The 
mixture was stinwJ at room temperature for 10 minutes and then poured Into 200 ml of Ice water. After 
thrice extracting with ettiyl acetate, it was successtvety washed with a 10% aqueous solution of citric acid, a 
saturated aqueous solution of Naa, a saturated solution of sodium hydrogencartxmate and a saturated 
aqueous solution of NaCI and dried over anhydrous sodium sulfate. After distilling off tiie etiiyl acetate, th 

20 residue was recrystallized from a sohwrt mixture of ethyl acetate and hexane. Thus 0.8 g of the target 
compound NKH:hlorober«yloxycartx)nyl-L-leucyhL-norieucinal was obtained in the form of crystals. 



. Example 10 

Production of NK2i,2-trichloroettiyl)oxycarbonyI^-leucyKMiorteucinal pn general formula (1), R, « 
CCbCHaOCO. Ra « H-. Rj « (CHahCHCHj-, R« ■ CH,(CHaH-J: 

JO 

(a) Production of N-4)en2ytoxycartxnyl>L>leucyl-norieudne methyl ester 

7.4 g of N-benzyloxycartDonyl-L-leudne was dissolved in 100 ml of dry metfiylene chloride and 8.2 g of 
l-ethyl-3-<3-dIett>yl-aminopropyi)carbodnmide hydrochloride was added thereto. To the solution so formed, 

35 was added a solution of 7.4 g of L-norieudne methyl ester and 4.2 g of triethy lamlne dissolved in 100 ml of 
dry methylene chloride. The resulting mixture was stined at room temperature for 12 hours. After the 
completion of the reaction, the reaction mixture was successively washed wHh 1 N hydrochloric acid, a 
saturated aqueous solution of Naa, a saturated solution of sodium hydrogencarbonate and a saturated 
aqueous solution of Naa and dried over sodium sulfate. After tfstitnng off the solvent, tfie residue was 

40 purified by medium pressure column chromatography by use of stHca gel. Thus 12 g of tt^e titied N- 
benzyloxycarbonyKr*eocyM--flor1euclne nr>ethyl ester waa obtained In the form of crystals. 



(b) Production of ^H)enzytoxyc af txwy^L^^eucy^.^fKx1eudnol 

10 g of the N4)eorytoxycarbony»-L-leucyf-L.norieuclne metiryl ester obtained In the above step (a) and 
3.0 g of sodium borohydri<te were suspended in 100 ml of t-butyl alcohol and then heated under reflux in a 
nitrogen atmosphere at 90*C. Next, 20 ml of absolute mettwol waa added thereto dropwise under reflux. 
After the completion of the addition, the mixture waa stirred under reflux for 30 minutes and ti^en cooled to 

50 room temperature. 100 ml of water waa added tiiereto under lce<ooting. After distilling off tfie methanol and 
t-butyl alcohol under reduced pressure, the residue was tfwtee extracted with ettiyl acetate, washed with a 
saturated aqueous sdutfon of Naa and dried over anhydrous magnesium sulfate. The ethyl acetate was 
distilled off under reduced pressure and the obtained residue was purified by medium pressure column 
chromatography by use of slBca get Thus ao g of the titied N-benzyloxycarbonyW.-leucyl-L-norieucinol 

55 was obtained in the form of crystals. 



(c) Production of N-<2j,2-trichtofDethyl)oxycafbonyl'L>leucyK-norieudnol 
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r« !L ^«»nzyloxycaft)onyl-L-teucyK-nori«iC^nol obtained in tha above step (b) was dissolved in 
50 ml of ethanoi. Then a catalytic amount of palladium carbon waa added thereto and the mixture so 
formed was stirred under a hydrogen atmosphere for 3 hours. After th compi tion of the reaction the 
palladium carbon was filtered off and the solvent was distilled off from the filtrate und r reduced pressure 
Thus L-leucyl-L-norteudnol was quantitatively obtained. Next 20 ml of water and Z3. g of sodium' 

*']SS!?T'I^°T.!T ■ 0 °' 2^^-«richloroethyloxycarbonyl 

chloride In 10 ml of ether waa added thereto followed by stirring at room temperature for 3 hours. After the 
completioo of the reaction, the mixture was thrice extracted with ethyl acetate, washed with a saturated 
aqueous solution of NaCt and then dried over anhydrous magnesium sulfate. After distilling off the ethyl 
acetate, the residue was purified by medium pressure column chromatography by use of silica gel. Thus 

1.0 g of the titled N-(2A2-trichlororthyl)oxycart)ony|.L-leucyi-L^K)rieucinol was obtained in the form of 
crystals. 

(d) Production of N^2.2.2-trichloroethyl)oxycafbonyl'L-leucyl-L-norieuanal 

0.7 g of the rH2.2.2-trichloroethyl)oxycartJonyH.^eucyl-L-norieocinol obtained in the abovb step (c) and 
1.0 g of triethylamine were dissolved in 10 ml of dry dimethylsulfoxide. Then a solution of 1.5 g of sulfur 
tnoxido/pyridine complex dissolved in 10 ml of dimethylsulfoxide was added thereto under stirring Th 
mbcture was stined at room temperature for 10 minutes and then poured Into 200 ml of ice water. After 
thrice extracting with ethyl acetate, it was successively washed with a 10% aqueous solution of citric add a 
saturated >qu»ous solution of Naa. a ssturated solution of sodium hydrogencarbonate and a saturat^ 
aqueous solution of Naa and dried over anhydrous sodium sulfate. After distilling off the ethyl acetate, the 
residue was recrystailized from a solvent mixture of ethyl acetate and hexane. Thus 0.5 g of the target 
compound NK2A2.trichlore«hyl)oxyeart)ony|.L-leucyKww1«^ was obtained In the form of crystals. 



Example 11 



''^iSu [in general fomiula (1). R, - (CH,)- 

jSiCHaCH,.. R, - H-. R, - (CHahCHCHa-OCO-. R« - CH,(CH,).-]: 

(a) Production of p-nHrophenyl trimett)ylsilylethytoxycart»nate 

4.4 g of Wmethylsilylethanol and 10 g of bis(p^phenyi) caitonata were dissolved in 100 ml of dry 
methylene chloride and 6.0 g of Nfnethyimorphollne was added thereto. The mixture so fonned was stirr d 
.^P*?^ J* ^ «^ completion of the reaction, the reaction mixture was 

^T^'^lL!!^^ wHh 0.1% sutfurie add. a satuated aqueous solution of Naa. a saturated solution of 

' 8«urated aqueous solution of Naa and dried over anhydrous sodium 
^ ^J?*^ P««^ by medium pressure column chromatography 

^ "^ J^ 0«t TTiile 5i) g of the tfUed p^iHrophenyl trimettiyWIylettiyloxycarbonate was obtained in 
tha rarm of crystals. 

(b) Production of N-Wmethylsiiylettiyloxycartxwyl-L-teucine dcydohexylamlne salt 

4^ g of L-leudne methyl ester hydrochloride and 2.2 g of Irtethylamlne were disso^ed in 100 ml of dry 
dimethylfbnnamlde and 5.8 g of p-nitrophenyi trimethytsilylelhyloxycaitxMute was added thereto. To the 
solution so formed, was added 200 mg of 1-hydroxybenzotriazoie monohydride as a catalyst The resulting 
mbdure was gtined at room temperature fbr 12 hours. After tfw completion of ttte reaction, the reaction 
mixture was concentrated under reduced pressure and water was added. After extracting wltti ethyl acetat . 
the organic phase was succeasWely washed wtth a 10% aqueous sdutton of citric add. a saturated aqueous 
solution of NaO. a saturated solution of sodium hydrogancaifoonato and a saturated aqueous solution of 
Naa and dried over anhydrous sodium sulfate. Alter dlsttMng off the eohwnt the residue was purified by 
medlun pressure column chromatography by use of siOca get Thus 7.0 g of ttio N- 
trimethyl8ilylethyloxycart)onyH.^eudne mettiyl ester waa obtained in the form of crystals. The obtained 
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^H?^**!!?^*^ ^ and 30 ml of a 1 N sodium hydroxide and 50 ml of water were 

added tt^erja TT,e mixture was stirred « 80' C tor 1 hour. After the completion of th reaction, the S 
was washed with ethyl acetate and 0.1% of sulfuric acid was added to lh aqueous phase u, tl^eVeby ta^er 
the pH valu to 2 or below^ extractino with ethyl acetate, th oroanic phase was dri Jl^TX^l 
m« rJ"S- JT^TT^ under reduced pressure. After adding 6.0 g of dicyciohexylamine, 5 5 g of 
the tiUed N.tnmethyl8.lylethyloxycartx)nyl-L-leuclne dicyciohexylamine salt was obtained in the fomi of 



(c) Production of N-tnmethylsllylethyloxycart)onyH.-leucyl-L-norleuclne methyl ester 

« 9 «rf the N-Wmethylsllytothyloxycarbonyl-L-leuclne dicyciohexylamine saft obtained in the above 
Mep (b) was «;spended In 100 ml of etHyl acet«e. After washing with a 10% aqueous solution of citric acid 
the organic Phase was dried over anhydrous sodium sulfate. "nHi solvent was distilled off under reduced 
pressure and ft. r^«methylsilylethyloxycart,ony|.L-leucina thus obtaln^l was dissolved in 50 m of d^ 
th^^liT 1 IS"; l-^thyl-SKaKllmethylaminopropyDcarbodiimide hydrochloride vas adde^ 

r„!r,^ I «r«i?f ' ^ 0 Leucine methyl ester hydrochloride 

and 1.2 g of triettn^^ine In 50 ml of dry methylene chloride. T7)e mbrture was stirred at room temwratur! 
for 12 hours. After the completion of the reaction, the reaction mbetur. was successively w^^ed^S iO% 
curicjdd. . saturated «^ solution of NaO. . s«ur«t«J solution of sodium hydro^nSSnate aJ2 1 
saturated aqueous solution of N«a and dri«J over anhydrous sodium sulfate. After Sfng^t^rsorSit 

Z ;2J'iirr2rL5rr*""::irr'^ '^'*^">^ ^y use of smca gTZ s ; oi 



(d) Production of N-trimethylsHylettiyk»ycartx>nyH.-leucvH.-flor1eudnol 

..^JIJ^ *" N-trimelt>ylsllylelhyloxycart»ny|.L-leocyH.^x)rleuclne methyl ester and 1.5 a of sodium 
ni^riim^ V The re«,ltlno mixtl was heated under reCS 

« A^J^ nltrogeo atmosphere. Then 12 mi of absolute methanol was added thereto dropwise unde 
^JZ T "^^^ «ddltloo.,the re«:.lon mbdur. was stirred under rollux fS Mmintrter^d 
meftSt^S^T^!?^:!!! ^ theroto under k>«oo«ng. After distilling o« me 

^^JS^^^.^Sll:!^r.T^S^' thrice ext^id with ethyl acetate. 
^^L^tJf^ !? <^ Naa and dried ov« anhydrous magnesium sulfate. After distiinng off 
^ S VTt J! IS?!! ^ '"•^"^ f"*^ .Chromatography by use of silica 

Sf cSs. 0 ^^'WrthyWIylethyloxycartxxv^L^eucyl.LMK^ i„ the fo^ 

(g) Productioo of N-lrimetiiyWtyiethyioxvcaitonyH.'leucyH.-fwieudnal 

1 D lli'JSlI? '*;**''*«*'V««5^y'^^ obtained In the above step (d) and 

liit ^^^^JT^I^ *y «*«*«Vl»u»«oxide. To the solution so formed was 
SLii*^ tuMUr Moxld«1)yridlne complex diasolved In 20 ml of dimethylsulfoxide. After 
^Z3L?JSr!«Jrf!!2!' ^O jnlnutea. the mbctu. was poured Into 300 ml of Ice water, thrice 

""^^^ ■ «" •c'd. a saturated 

^^Jl^J^ !?3 • hydrogencaitwnate and a saturated aqueous 

^^J^'^ ^ Obtained 

residue was purified by reverse phase medium pressure column chromatography by use of octadecyl 

n^^J^aUtJi^ the target compound N-trimethyWIylethyloxycartxjnyl-L-leucyl-L-norieucinal was 
obtalnea in the focm of an oily ixoduct 

Example 12 



Production of N^toluanoautfonyH-^eucyK-norteodnal pn general formula (1). R, - (4^H3)C,H4S02-. Rj 
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» H-. Rj » (CHjhCHCHj.. fU « CHi(CHah-J: 

(a) Production of N-p-toluafie8ulfbnyK.-tetJdne 

^J^IlL^'^^Zr', ^ 2 N sodium hydroxido. 3^ g of p-toluene»ulfonyl chloride 

Zn. JSr^ "^k""^ * ^" « """^ temperature for 8 

J ^^!f the completion of the reaction, the reaction mixture was washed with ethyl acetatJ 5 N 

eJJSir^l:!" TJ^ Pl«e to thereby lower the pH value to 2 or below to lowed by 

T^^I^^TJ^' ^ Phase was dried over anhydrous sodium sulfate. After dlsUIIIng oJ 

the «)lvent under reduced pressure, the residue was rec.y«tslli»d from . solvent mixture of ethyl acetate 
and hexane. Thus 3.8 g of the titted Ni)-toIu«»«Ufony|.L.Ieucine was obtained in the fom, of cSIls 

(b) Production of N-p-tohienesulfonvi-L-leucyH-norleucine methvl ester 

1.8 g of the N^>-toluenesulfonyH.-leueine obtained in the above steo (a) was dissolved in' so mi «f h~ 

tiierrta To the solutlori so formed, was added a solution of 1.8 g of LHUDrieodn. methyl ester hydrochloriS 
and 1 ^ g Of triethylamine dissolved in 50 ml of dry methylene chloride. The resulting mixture «S Sd 

■ WH» solution of NaCI. a saturated solution of ^ium 

"^H ILfT^ Of Naa and th«, dried over anhyd^s SSum 

sufete. After d.sfilOng off the «,lvem under reduced pressure, the residue was purified by medium pr^ur 
column chremmogrephy by use of silica gei. Thus 241 g of the titled ^4toluenesulfSyK-te3L- 
norieudne methyl ester was obtained in the form of an oily product esunonyi-L leucyi l 



(e) Production of Ni>-tolueneaulfonyl-L'leucyH.-nor1eud nol 

1J5 IV^^^ IJtSll!!^''^*'^ in the above step (b) and 

^^J^^^r^'tllJ'T^ m*) ml oft*utyl«lcohol«rtthen heated under reflux in a 

^^ISS^i^ J^!^?^' "*J25? under reflux for 30 minutes and then cooled to 

t^^^S^??^jS It** h*«oUng. After disOinng off the methanol and 

t*utyl ateohol under reduced pressure, the residue was thrice extracted with ethyl acetate, washed with a 
SS^Tr^"^:: ^aC. «k1 dried ovr «U,ydreu, magnesium sulfai. The et^yl STatrwas 

^ ^ P^es^^e column 

o^SZS^r^fJS. ^ 2^ 0 Of th. tHW ►HHo.uene^^lf^y^^.^.orieuclno. was 

(d) ProducHoo of M-p^oluenesulfonyH.-leucyH.-norieudnal 

mJHH! ^ obtained in th« above step (c) and 1.2 g of 

222^r~ '^Ha^. ^ ?, *y <flmlhylsulfoxide. Then a solution of Slo g of s!lf^ 

'^aa <li"»«hyteulta*J. was «Jded thereto under Lng. TT, 
SS^LSL^^IJ!!?]!^^ " -nd then poured into 200 ml of ice water After 

mrtM«*a^ng with ethyl aeet^. tt was succetsiyely washed with • 10% aqueous solution of citric acid, a 

S^sSZ^^S'I^hS?* ' hydrooencarbonate and a saturat d 

aquMus solution of NaO and dried over anhydreua sodium sulfate. After dlsUinng off the ethyl acetate th 

. soK«nt mixture of ethyl «»t«e and hexane^Thus 0.7 g of ^r^get 
compound N-p^oluenesulfbnyH.^eucyKMiorieudnal was obtained h ^ 

Example 13 
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Production of t^OHiitrophenylsulfeny^L-leucyR^^^ general formula (1). R, =» (2.N02)CtH*S- 



(a) Production of N-o-nltrophenyisutfenyM,*! udn dicyclohexylamlne salt 

5.0 0 of L-loudna and 8.0 g of o-nitrophenylsulfenyl chtertde were dissolved In 25 ml of a 2 N solution 
of sodium hydroxide and 25 ml of 1.4Kiioxane was added thereto. The mixture so formed was stirred at 
room temperature for 1 hour. After the completion of the reaction. 2 N sulfuric add was added to the 
reaction mixture followed by extracting with ether. The organic phase was dried over sodium sulfate. After 
distilling of the sohwit under reduced pressure, ao g of dtcyclohexylamine was added. Thus 10 g of the 
titied N^itrophenylsutfenyK-leudne dicydohexylamine salt was ot^tained In the form of crystals. 



(b) Production of NK>-^ltrophenylsulfenyK.-leucyK.-ftorleudne methyl ester 

4.6 g of tile N-o-nitrophenylsulfenyH-leudne dicydohexylamine salt obtained in the above step (a) was 
suspended in 100 ml of etiiyl acetate and washed with a 10% aqueous solution of dtric acid. Then the 
organic phase was dried over sodium sulfate. After distilOng off the solvent the obtained N-o- 
nitrophenylsutfenyl-L-leodne was dissolved In 50 ml of dry mettiylene chloride and 2.0 g of 1-etiiyl-3.(3. 
dimettiylamlnopropyl)carbodilmlde hydrochloride was added thereto. To the solution so formed, was added 
a solution of 1.8 g of L-norieudne methyl ester hydrochloride and 1.0 g of triettiylamirw dissoh/ed in 50 ml 
of dry mettiylene chloride. The resulting mixture was stirred at room temperature for 12 hours. After the 
completion of tt)e reaction. tt)e reaction mixture was successh^ly washed with a 10% dtric add, a saturated 
aqueous solution of Naa. a saturated solution of sodium hydrogencarbonate and a saturated aqueous 
solution of Naa and then dried over anhydrous sodium sulfate. After dlstilHng off the sdverrt under reduced 
pressure. tt)e residue was purified by medium pressure column chromatography by use of silica gel. Thus 
5.0 g of the titied ^HH^itrophenyIsulfenyl-L-^eMCyH.-norieodne mett^yl ester was obtained in the form of an 
oily product 



(c) Production of N^ltrophenytsutfenyH--leucyH,-norieodnol 

3.2 g of tt>e NK)-nltrDphenylsulfenyW.4eocyl-L-no^ mettiyl ester obtained in ttie above step (b) 
and ^0 g of sodium borohydride were suspended In 50 mi of t-butyl alcohol and ttien heated under reflux in 
a nitrogen atmosphere at 90 C. Next 15 ml of absolute mettiand was added thereto dropwise under reflux. 
After tf)e completion of tiie addition, the mixture was stirred under reflux for 30 minutes and then cooled to 
room temperature. 50 ml of water was added thereto under k»<ooling. After distilling off ttte mettianol and 
t-butyl alcohol under reduced pressure. tt>e residue was thrice extracted wfth ethyl acetate, washed with a 
saturated aqueous solution of Naa and dried over anhydrous magnesium sulfate. The ethyl acetate was 
distilled off under reduced pressure and ti)e obtained residue was purified by medium pressure column 
chromatography by use of sIDca gel Thus 2.0 g of the titied N-<>nttrophenylsulfeny|.L-leucy|.L-norieudnol 
was obtained In ttie Ibrm of crystals. 



(d) Production d N^o-nltrDphenylsulfeny^UeucyM,-nof1eodnal 

1.0 g of tt)e N-0-fiftrophenylsulfenyH.-leucyH.-nori^ obtained In tfie above step (c) and 1.2 g of 
trietfiylamlne were diseolved In 12 ml of dry dimethytsulfoxide. Then a solution of 2.0 g of sulfur 
trioxide/lpyridlne complex dissolved In 12 ml of dimettiylsuHoxide was added tfweto under stirring. Th 
mixture was stirred at room temperature for 10 minutes and ttien poured Into 200 ml of ice water. After 
ttirice extracting with ethyl acetate. It was successively washed with a 10% aqueous solution of citric add. a 
saturated aqueous solution of Naa, a saturated solution of sodium hydrogencarbonate and a saturated 
aqueous solution of Naa and dried over anhydrous sodium sulfate. After distilling off the ethyl acetate, the 
residue was purified by reverse phase medium pressure column chromatography by use of octadecyl 
silane. Thus 1.2 g o# the target compound NH)-nltrophenylsulfenyH.-leucyH.-norieodnal was obtained in the 
form of an dly product 
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Example 14 



Pfoductfoo of rWlphenylphosphonothioyM.^eucyl-L-nof1audnal [In General formula (1). Ri = (C«H5)2PS-. 
6 Ra « H-, R3 - (CHsfeCHCHa-, Ri = CH3(CHa),.]: 



(a) Production of N-<Jiphenylphosphonothloyl-L4eucyhL-nof1eucine methyl ester 

10 2.0 g of N-diphenylphosphonothloyl-L-leudne was dissolved In 50 ml of dry methylene chloride and 2.0 
g of 1-ethyl-3-(3-dimothylamlnopropyl)cart)odllmide hydrochlortde was added thereto. To the soluUon so 
formed, was added a solution of 1.8 g of L-norteudne methyl ester hydrochloride and 1.0 g of triethy (amine 
dissolved In 50 ml of dry methylene chloride. The resulting mbcture was stirred at room temperature for 12 
hours. After the completion of the reaction, tfw reaction mhcture was successively washed with 10% citric 

IS add, a saturated aqueous solution of NaCt. a saturated solution of sodium hydrogencartjonate and a 
saturated aqueous solution of NaO and dried over anhydrous sodium sulfate. After distilling off the solvent, 
the residue was purified by medium pressure column chromatography by use of silica gel. Thus 3.0 g of 
the titied N-diphenylphosphonothioyhL-ieocyl-L-norieudne methyl ester was obtained in ti^e form of an oily 
product 

20 

(b) Production of N-dlphenylphosphonothioyH-leucyl'L-norleudnol 

^5 g of the I^phenylphosphonothioyl-L4eucyH--noriauclne methyl estar obtained in the above step 
25 (a) and 1i) g of sodium borohydride were suspended in 50 ml of t-butyl alcohol and then heated under 
reflux in a nitrogen atmosphere at 00* C. Next 10 ml of absolute methanol was added thereto dropwise 
under reflux. After the completion of the addition, ttie mixture was stirred under reflux for 30 minutes and 
then cooled to room temperature. 50 ml of water was added ti>ereto under ice-cooOng. After distilling off the 
methanol and t-butyl alcohol under reduced pressure, the residue was ttwice extracted with ethyl acetat , 
00 washed wHh a saturated aqueous solution of Naa and dried over anhydrous magnesium sulfate. The ethyl 
acetate was distilled off under reduced pressure and thB obtained residue was purified by medium pressure 
column chromatography by use of silica gel Thus ^0 g of the titied N-dlphenylphosphonothloyl-L-ieucyl-L- 
norieudnol was obtained in the form of crystals. 

(c) Production ol N-dlphenylphosphonothloyI'L'leucyl-L-nofleudnal 

1.0 g of of the NKJiphenylpho8phonotiiioyH--leucyl-LH»rieudnol obtained In ttie above step (b) and 0.8 
g of triettiylamine wer* disaolved In 8 ml of dry (fimetiiyisultodde. To the solution so formed, was added a 

40 solution of 1.3 g of sulfur trtadde/jpyridlna complex in 8 ml of dimettiylsulfoxide. The mixture was stin^ed at 
room temperature tor 10 minutes and then poured Into 200 nU of Ice-water. After thrice extracting with ethyl 
acetate, the extract waa successively washed wttti a 10% aqueous solution of citric acid, a saturated 
aqueous solution of NaCt, a saturated solution of sodum hydrogencartxxmte and a saturated aqueous 
solution of Naa and dried over anhydrous sodium sulfate. After distilling off ttw ethyl acetate, the residu 

46 was purified by reveres phase medium pressure column chronurtography by use of octadecyl silane. Thus, 
0.8 g of the target compound ^Kflpheny^phosphonott^loy^-L4eocyH--norieudnal was obtained In the form f 
an oily product 



90 Example IS 



Production of N-triphenylmethyl-L-leucyH.-norieudnal [in general formula (1), Ri « (CcHshO, Rj =» H-, R3 
* (CHahCHCHa-. R» - CH$(CHa)3.J: 

55 

(a) Production of N-benzyioxycart»nyH.-leucyl-norieudne metttyl ester 
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i^JlLtJ^ ? iiil^^,'* ""^ '^'^ 10 100 ml of dry methyl n chloride and 8.2 g of 
'a2S1^j;i:^^^ * solution ,ofom?eS 

fnT ?!?^ J J" '••"«^n« "wthyl ester hydrochloride and 4.2 g of triethylamine 

H *• successively washed with 1 N 

hydrochteric a«d. a saturated aqueous solution of NaO. a saturated solution of sodium hydrooencJbonat 

S Jnt^^n"^' '^JSTJ' '^''•^ *^ '"''y<*«>"» ~"«te. After Sn^ Se 

til SJl' P'^""^ column chromatography by use of silica gel Thus 12 

g of the ttled N-t«nryloxycanx«yl-L.lmicyl-L^leudn. methyl ester was obtained in the fom, of crysSs. 

(b) Productjpn of N-triphenylmethyH-leucvH.-norieucine methvl ester 

IS dlss^ilS t is '"•^y Obtained the above step (a) was 

mSSrl JV!!!^ ^ ' "^"^ P*"*"""' «rt)on was added thereto and " 

* '"i!!** "^"^ ■ atmosphere for 3 hours. After the completion of m 

S .J^i ^1 v«a fijt^ Off and the soh^ was distilled off from theXe under 

^ P^^w. Thus L-leucyK-noHeudne methyl ester was quantitativety obtained. Next this oroduct 
was dis^lved in 100 ml of dry methylene chloride and 1.5 g of triethylamine was aSed SrS, Fu^^r 

^fL^T'l"^'':^^'!^Z'' «^ ^'^^ ""Ixture was stirred at roomVeCa^rTfo; 

12 hours. After the completion of the reaction, the reaction mixture was successively washed with a io-a 
aqueous soh^on of citric add. a saturated aqueous solution of NaCI. al^S ^SonTsodiSm 
Hlr^Kir^ of N.C. and drie<; over arS^usloSium suSr 

^^^^ "°^„"^J°if** *• P^«* by milium pSs^ 

Tj:rX:!^Z,1^o,^:^ '^ « ^ N-^P^Unethy^LWl-nSrieudne me«,y" 
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(c) Production of N.triphenylmethyH.-leucyH.-norieudnol 

a JtSil^Z!!!^^"^'^'^^ obtained in the above step (b) and 1.5 

^ borohydride wera suspended in 50 ml of MHityl alcohol and then heated under reflux in a 

™ !l ^ '"""^ *r was stined under reflux for 30 minutes and then cooled to 

t^l ZS^^^^Ll"^ was 1^ thereto under Ic^oollng. After dlstUHng off C^TlSi 
t-butyl ateohd under reduced pressure, the residua was thrica extracted with ethyl acetate washed witfi a 
l^J!^:^ of Naa and dried over «*ydro«. magnesium suifai. The et^yT^aute was 
2S12L^h« *• ^ P^** by medium pressure column 

. o^bS::f?ni£';bn!;rp:rr^ 



30 



3S 



so 



55 



(d) Production of N-triphenylmethyH.»leucyt>L«norleudnai 

H Jl^t« 'i«P^*V^7^y^L^eucyK^K^ obtained in the above step (c) and 2.1 g of 
SSi2lo73S^«,'l!12 *^ <«r*y^"bx'*- To the solution soTJei. was addid a 
^^mJ1°JL^ miO ml of dlmethyteulfoxide. The mixture was 

Sm^tTT^ '° """^ and then pour^J Into 200 ml of Ice^ater. After thrice extracting 
SrS^aSSi' 2L^^ "*!!Sr!lr *«»»^ • 10% «^ «,iatlon of citric add. I 

' •"""^ hydrogencarbonate and a saturated 

aqueous solution of Naa and dried over wihydroos sodium sulfate 

ethyTJ^S.!!!^ ^I^ ^ racrystalPzed from a solvent mixture of 

:SnrrC^^ 0.7 g Of th. t^get compound NHripheny^ethyKLIeucyl-L^rieucina, was 

Example 16 
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Production of ^H2H»nzoyh1^Tlothylyvirty^Weucyl-L:fK)rte^^ fm general formula (1), R, 
CfiHsC0CH-C(CH3KRa • Ra « (CHjhCHCHa-. « CHaCCHah-]: 



(a) Production of M-(2-ben2oyH-methyl)vlnyH--leudr)a 

Q.e g of benzoylacetooe wbb dissolved In 100 ml of dry ethanol. To the solution so formed, was added 
a solution of 1^ g of sodium hydroxide dissolved In 20 ml of dry methanol. 5.4 g of L-leudne was furth r 
added thereto and the resulting mixture was heated under reflux at 100* C for 3 hours. Atter the completion 
of the reaction, the solvent was concentrated under reduced pressure and water was added. The pH value 
of the reaction mixture was lowered to around 2 with 10% dtric add. Then the mixture was extracted with 
ether and dried over anhydrous sodium sulfate followed l)y distilling off the solvent under reduced pressure. 
The residue was recrystallized from a solvent mixture of ethyl acetate and hexane. Thus 7.0 g of the titled 
N-<2-ben2oyl-1-methyl)vlnyH.-leudne was ot>tained in the form of crystals. 



(b) Production of M-(2-ben2oyH>methyI)vInyH>leucyK-norteudne methyl ester 

2.8 g of the N-{2-t)en2oyM-methyl)vlnyW.-leudne obtained in the above step (a) was dissolved in 50 m! 
of dry methylene chloride and 2.0 g of 1-ethy|.3K3^lmethylaminopropyl)carbodiimlde hydrochloride was 
added thereto. To the solution so formed, was added a solution of 13 g of L-norleucine methyl ster 
hydrochloride and 1.0 g of triethylamine dissoh^ed In 50 ml of dry methylene chloride. The mixture was 
stirred at room temperature for12 hours. After the completion of the reaction, the reaction mixture was 
successively washed with 10% citrtc add, a saturated aqueous solution of NaCI. a saturated solution of 
sodium hydrogencarbonate and a saturated aqueous solution of NaCI and tt>en dried over sodium sulfa! . 
After dlstllDnQ off tt>e so^ent under reduced pressure, tt)e residue vras purified by medium pressure column 
chronrwtography tiy use of siHca geL Thus 3.5 g of tiie titied N-(2-benzoyH-methyl)vinyl-L-leucyl-L- 
norieudne mettiyt ester was obtained In tt)e form of an oily product 



(c) Production of ^H2^ben^oy^1^metflyl)v<nyl4.■teucyl^L^norteudno^ 

2^ g of tiie N-{2-benzoyl-1-mettiyl)vlnyl-L-leocyl-L-norteudne mettiyl ester obtained in the above st p 
(b) and 1.0 0 of sodium bwohydride were suspended in 50 ml of t-butyl alcohol and then heated und r 
reflux In a nitrogen atmosphere at 90* C. Next 10 ml of absolute mettwnol was added thereto dropwise 
under reflux. Atter thm completion of tt>e addition, tt>e mbctum was stired under reflux for 30 minutes and 
ttien cooled to room temperature. 50 ml of water was added tttereto under ice-cooBng. After distilfing off tfie 
mettiand and t-butyl alcohol under reduced pressure, ttw residua was ttirice extracted witti ettiyl acetate, 
washed wtth a saturated aqueous solution of Naa and dried over anhydrous magnesium sulfate. The ethyl 
acetate was distilled off under reduced pressure and ttw obtained residue was purified by medium pressure 
column dmxnatography by use of silica gel Thus 2i) g of ttw titied ^KM)ellzoyl-t-melhyl^inyl-L.|eucyl-L- 
norieudnol was obtained In the fbnn of crystals. 



(d) Production of rHa^)en2oyHfnetttyi)vlnyH-leucyM,'norieudnal 

1.0 g of the ^H2-ben^oy^1-rnetttylyvinyK.-»eucy*•L-norieuclnol obtained in tt>e above step (c) and 1.2 g 
of triettiylamlne were (fissofved In 12 ml of dry dimethylsulfbxide. Then a solution of 2,0 g of sulfur 
trioxida/lpfyridlne complex dissolved In 12 ml of dimettiylsulfbxida was added ttweto under stirring. The 
mixture was stfrred at room temperature for 10 minutes and ti>en poured Into 200 ml of Ice water. Atter 
tfirics extracting wfth ettiyl acetate. It was successhrety washed wfth a 10% aqueous solution of citric add, a 
saturated aqueous solution d NaCt, a saturated solution of sodium hydrogencarbonate and a saturated 
aqueous solution of HaO and dried over anhydrous sodium sulfate. After dIstilQng off tiie ethyl acetate, the 
residue was purified by reverse phase medium pressure column chromatography by use of octadecyl 
sllana. Thus 0.6 g of ttw target compound N-(2-benzoyH-metityl)vlnyH-leucyl-L-norieudnal was obtained 
in th form of an dly product 
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Example 17 



Productloo of N^)hthaloyM.-teucyl-L-nof1eoclnaI pn general formula (1). R, and R, form a 1^-(C0.),C.H« 
5 group together. R, - (CHthCHCH,-. R» - CH,(CHj),-]: 

(a) Production of N-benzyloxycartjonyl-L-leucyH-nofteudne methyl eater 

10 7.4 g of ^W)en^yloxycarbony^L^euclne was dissolved In 100 ml of dry methylene chloride and 8.2 g of 
1-ethy|.3K3^methylamlnopropyl)cart)odllmide hydrochloride was added thereto. To the solution so formed 
was added " «>l«rton of 7.4 g of L-norle.eine methyl ester hydrochloride and 4.2 g of triethylamine 
dissolved In 100 ml of dry methytene chloride. The reeumng mixture wa. stlrr«l at room temperature for 12 
hours. Ater the completion of the reaction, the reaction mixture was successively washed with l N 
hydmchtortc add. a saturated aqueous solution of NaCI. a satunrted solution of sodium hydrogencartsonate 
and a sahirated aqueous solution of NaO and dried over anhydrous sodium sulfate. After distilling off the 
SfJi^JS!:*!! P^"«'»>y P««"» chromatography by use of silica gel. Thus 12 

g of the tttied N-benzyloxycarbonyl-L^eocyl-L-nofleuclne methyl ester was obtained in the form of crystals. 

(b) Production of N'benzyloxycafbonyl-L-leucyl-L-norieocinol 

. 10 g of the N*enrykwycaibonyl-L-leucyH.-norleuclne methyl ester obtained in the above step (a) and 
a »odum borohydride ^ suspended in 100 mi of t-butyl alcohol and then heated under reflux In a 
nitrogen atmosphere at 00 C. Next 20 ml of absolute methanol was added thereto dropwise under reflux 
After the completion of the addition, the mbclure was stirred under reflux for minutes and then cooled to 
room ternperature. 100 ml of water was added thereto under k»cooBng. After distilling off the methanol and 
t-butyi ak»hol under reduced pressure, the residue wee thrice extracted with ethyl acetate, washed with a 
s^jreted aqueous solution of N.a and dried over anhydrous magneaium sulfate. The ethyl acetate was 
distined off under reduced pressure and the obtained residue was purified by medium pressure column 

2 ""S^^^^ Thus ao a of the tWed ^^benzyloxycarbonyH.-leucy|.L-norteucinol 
was obtained in the form of crystals. 

35 (c) Production of N-phthaloyH.-leucyM.-norieuclnol 

i=n ^.^J? obtained in the above step (b) was dissolved in 

50 ml of etfianol and a catalytie amount of palladium carbon was added thereto. The mixture was stirred 
•*™"»»*^ 3 ^ th» completion of the reaction, the palladium carbon was 
* *V«**^ off from the filtrate. Thus L-leocyl^.-norieudnol was quantitatively 

carbo^xwyphthalmlde. The resulting mixture was stirred at room temperature for 2 houre. After the 
completion of the reac^ the mixture waa thrice extracted wHh ethyl acetate, washed with a saturated 
aqueoM sohjtion of NaO and dried over anhydrous magnesium sulfate. After distilling off the ethyl acetate. 
nt by medum pressure column chromstography by use of silica gel. Thus 
0.5 g of the titled Mi)hthaloyl^.-leucyl-L-norieudnol was obtained In the form of crystals 
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(d) Production of rH)hthaloyl-L-teucyH.-norieudnai 

0.5 g of the HDhthaloyM.-ieucy»4.-norieucinol obtained In the above step (c) and 0.7 g of triethylamine 
were dissolved In 6 mi of dry dimethylsulfbxide. To the eoluUon eo formed* waa added a solution of l .0 g of 
sulfur trtoxide/^dine complex dissolved In 6 ml of dlmethytsuHbxide under stirifng. The resulting mixture 
was stirred at room temperature for 10 minulee and poured Into 100 mi of ice water. Then it was thrice 
extracted with ethyl acetate, ssuccessively washed with a 10% aqueous sofution of citric add. a saturated 
aqueous solution of NaO, a sahirated solution of sodium hydrogencaibonate and a saturated aqueous 
solution of Naa and dried over anhydrous sodium sulfate. After dIstilUng off th sohrent. the residue was 
recrystainzed from a solvent mixture of thyl acetate and hexane. Thus 0.3 g of the target compound N- 
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phthaloyW--ieucy»-L-norioodnaJ was obtained In th form of crystals. 



Example 18 

Prododion of N4)enzyka(ycartx)ny^L-nodeucy|.Lnori^ Pn general formula (1), R, » CsHjCHjOCO- 
R2 » H-. R, - CH,(CH2),.. R* « CH3(CH,),.J: 

(a) Production of N-benzylO)cycart>onyl-L-norieudne 

7-8 0 of L-norleudno and 8.4 g of potassium cart)onata were dissolved in 200 ml of water. Then a 
solution of 1^4 g of benryloxycartjonyl chloride dissolved In 20 ml of dioxane was added thereto under ice- 
cooBng. The resulting mixture was stirred at room temperature for 8 hours. After the completion of the 
reaction, the reaction mixture was washed with ether and 5 N hydrochloric add was added to the aqueous 
phase to thereby lower the pH value to 2 or below. After extracting with ethyl acetate, the organic phase 
was dried over anhydrous sodium sulfate and the solvent was distilled off. Thus 9.5 g off the titled N- 
benzyloxycarbonyl-L-norieodne was obtained In the fonm off an oily product 



(b) Production off N-benzytoxycarbonyhL-norieucy^L-norieudne methyl ester 

7.0 g off N-benzyloxycarbonyl-L-norteudne obtained In the above step (a) was dissolved in 100 ml of 
dry methylene chloride and 5.4 g of 1-ethyK3-(3-dImethytamlnopropyl)carbodllmide hydrochloride was 
added thereta To the solution so formed, was added a solution off 4.2 g off L-norieucine methyl ester 
hydrochloride and 5^ g of triettiylamlne in 100 ml off dry metttylene chloride. The resulting mixture was 
stinred at room temperature for 12 hours. After the completion off the reaction, the reaction mixture was 
successively washed with 1 N hydrochlorte add. a saturated aqueous solution off NaCI, a saturated solution 
off sodium hydrogencarbonate and a saturated aqueous solution off NaCI and dried over anhydrous sodium 
sulfate. After distilOng offf the solvent the residue was purified by medium pressure column chromatography 
by use off sinca get Thus ao g off tiw titled N-benrytaxycarbonyK.-norieucykL-norieudne metiiyl ester was 
obtained in the form off crystals. 



(c) Production off N-ben2ytoxycarbonyhL-nor1euGyK.-norieudnd 

4.0 g off the hl-ben2yloxycarbonyK.-norteucyl-L-norieudne methyl ester obtained in tfie above step (b) 
^ borohydride were suspended In 100 ml off t-butyl alcohol and ttwi heated under reflux 

In a nitrogen atmosphere at 90 C. Next 18 ml off absofcita mettwnol was added tfiereto dropwise und r 
reflux. Aft er tiie co mpletto n ol the addition, the mixture was stirred under reflux for 30 minutes and ttien 
cooled to room temperatura. 50 ml off water was added thereto under Icecooling. After distilling off th 
mettiand and Hxi tyt ate ohd under reduced pressure, the residue was thrice extracted with ethyl acetat , 
^^^^ ^ a saturated aqueous solution off UaO and dried over anhydrous nwgneslum sulfate. The ethyl 
acetate was distilled offf under reduced pressure and ttie obtained residue was purified by medium pressure 
column chromatography by use off sIDca get Thus 2i! g off the titled r«)en2yloxycart>onyl-L-norleucyl-L- 
norieudnd was obttf ned In ttte fform off crystals. 



(d) Production of N-benzytoxycarbonyH-norteucyl-L-norieudnal 

1.7 g off the N-benzyloKycarbonyH.-norieucyH.-nor1eudnd obtained In tiw above step (c) and 1.8 g of 
triettiylamine were dissolved In 12 ml of dry dlmethylsulfbodde. To the solution so fornied. was added a 
solution off 3.0 g of sulffur trioxlde/t>yrldIne complex dssdved In 12 ml of dInwthylsuHoxide under stining. 
The mixture was stinred at room temperature for 10 minutes and ttwi poured Into 200 ml of Ice water. After 
thrice extracting with ethyl acetate, tffie extract was successively washed with a 10% aqueous solution of 
citric add, a saturated aqueous solution of NaO, a aaturated solution of sodium hydrogencarbonate and a 
saturated aqueous solution of NaQ and dried over anhydrous sodium sulfate. After distilling off the ethyl 
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acetate, the residue wae reoy^tallized from a solvent mixture of ethyl acetate and hexane. Thus 1^ g of the 
target compoufKl hW)enzytoxycartx>fiyK.-fK)fteucyl-L^ waa obtained In the form of crystals. 
Table 1 shows the physical propertes of each compound. 
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Table 1 



ExtuDple 
No. • 


Structure 


Physical Property 
(»H-NMR: CDCI3. 
standard TMS, ppm) 


1 


0 0 0 

1 B 11 

(CHa)G-C-NH-CH-C-NH - CH-CH 

1 1 1 
CHa CH2 (CHz)s 

1 , 1 
CH(CB«)i CH« 


0.80-1.20(12H.m) . 
1.20-2.10(19H,m) . 
2.20(2H.t.J-8.0Hz) . 
4.20-4.70(2H.m) . 
6.08(lH,d.J-8.0Hz) . 
6.92(lH,d,J"7.0Hz) . 
9.S4(1H.S) 

m.p. 55 *C (decompose) 


2 


0 0 • 0 

H 11 II 

(CHa)4-C-NH-CH- C -NH-CH-CH 

1 11 
CHt CHa (CHa)» 

CH(CH3)2 CH» 


0.80-1.10(12H.m) . 
1.10-2.00(15H.m) . 
2.18(2H.t.J-8.0Hz) . 
4.26(lH.dd,J-8.0Hz. 
J-12HZ), 4.6B(lH.dd. 
J-8.0HZ.J-14HZ) . 
8.92(lH.d.J-8.0Hz) . 
7.82(lH.d.J-8.0Hz) . 
9.50(lH.s) 


3 


0 0 0 

1 » 1 

CHi-C-NH-CH- C -NH-CH-CH 
1 1 1 
CH(CHa)i CHa (CHi)a 

CH(CHs)a CHa 


0.80-1.20(15H.m) , 
1.20-2.00(10H.m) . 
2.00-2.30(2H.m) , 
4.20-4.80{2H.m) . 
6.12(lH.d.J-8.0Hz) , 
7.00(lH.d,J-7.0Hz) . 
9.50(lH.s) 

m.p. 134 *C (decompose) 


4 


0 0 0 

H II 
0- 0 -NH-CH- C -NH-CH-CH 

1 1 1 
C(CH«)t CHi (CHa)t 

CH(CHa)a CHt 


0.80-1.05(9H.m) . 
1.20-2.00(9H.m) . 
1.4S(9H.S).4.12(1H. 
dd.J«8.0Hz.J-15Hz) . 
4.48(IH.dd.J-8.0Hz. 
J-13BZ). 4.84(lH.d. 
J-8.0HZ). 6.84(lH.d. 
J«7.0Hz), 9.56(lH,s) 
iB«p« oT c vuGCompose) 


5 


0 0 0 
it B li 
0-C-NH-CH- C -NH-CH-CH 

h |h. ,|h.,. 

yy CH(CHa)2 CHa 


0.80-l,10(9H.m) , 1.20- 
2.20(9R,Di), 1.65(6H» 
broad-s). 2.12(9H, 
broad-s), 4.14(lH,dd. 
J-6.0Hz,J-14flz) » 4.48 
(lH.dd.J«7*0Hz, J-13HZ) 
4.84(lH.d,J-6.0Hz) , 
5.e4(lH.d.J»T.0Hz) a 
9.56(1H.S) 
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Table 1 (cont'd) 



Example 
No. 


Structure 


rnysicai Property 
(*H-NMa: CDCla, 
standard TMS. ppm) 


6 


0 0 0 

li ii n 

CHi-O-C-NH-CH- C -NH-CH-CH 

fy CHa (CHa), 

\ CH(CH.)a CH, 
CI 


0.80-l.ll(9H,m). 1.10- 
2.00(9H,m). 4.20(1H, 
dd.J-8.0Hz.J-12Hz). 
4,48(lH.dd.J-8.0Hz, 
J-llHz) . 5.06(2H.s) , 
5.14(lH.d,J-8.0Hz) , 
e.44(lH.d,J-8.0H2i. 
7.30(4H.8). 9.55(lH.s) 
m.p. 93 C (decompose) 


7 


0 0 0 

» II It 

CHi-O-C-NH-CH- C -NH-CH-CH 

O . CH» (CH»), 

I CH(CH»)» CHt 
OCH« 


0.80-1.00(9H,m), 
1.10-2. 00(9H»m} , 
3.82(3H.s). 4.20(lH,m) 
4.48(lH.dd.J«7.0Hz. 
J-12HZ). S.04(2H,s) » 
5.08(lH.d.J-7.0H2), 
8.48(lH.d,J-7.0Hz) , 
6.88(2H.d,J«9.0Hz) , 
7.28(2H.d,J-9.0H2) . 
9.54(IH,s) 

m.p* oT c (aecompose) 


8 


0 0 0 

n li n 

CH»-0-C-NH-CH- C -NH-CH-CH 

Q CH» (CH»), 

I <a(CH.)i CH« 
NOi 


0.80-1.10(9H.m). 1.10- 
2.00(9H.m). 4.20(1H, 
dd,J«8.0Hz.J-14Hz} . 
4.52(lRidd.J-e.0Hz. 
J-llHz). S.20(2H.s), 
S.32(lH.d,J-8.0Hz). 
6.48(lH,d.J-6.0Hz). 
7.48(2H.d,J-8.0Hz) . 
8.20(2H.d,J-8.0Hz) . 
9.S6(1H.8) 

ffl.p. 89 *C (decompose) 


9 


0 0 0 

R H 1 

O-C-NHCH- C -NH-CH-CH 

i i i 
01 CH» CHi (CHa)« 

CH(CH.)» CH« 


0.70-1.10(9H.m) , 
1.10-2.00(9H.m). 
4.20(lH.in), 4.48(1H, 
dd.J-6.0Hz.J-13Hz) . 
5.18(lH.d.J-6.0Hz). 
5.24(2H,S). 6.48(1H, 
d.J-8.0Hz). 7.10-7.50 
(4H.n). 9.S6(lH.s) 
m.p. 114*C (decompose) 
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Table 1 (cont'd) 



Example 
No. 


Structure 


Physical Property 
(>H-NMR: CDCI3. 
standard IMS, ppm) 


10 


0 0 0 
II 8 11 
CH»-0-C-NH-CH- C -NH-CH-CH 

1 1 1 
Cl-C-Cl CH» (CH»)t 

CI CH«:R«)a CH« 


0.80-1.00(9H.m) . 1.10- 
2.00(9H,m). 4.20(1H. 
dd. J-8.0Hz.J-16Hz) . 
4.53(lH.dd,J-7.0Hz. 
J-llHz). 4.74(2H.s). 
5.42(lH,d,J-8.0Hz) , 
8.40(lH.d,J-7.0H2) . 
9.58(lH.s) 

a. p. 88*C (decompose) 


11 


0 0 0 

II it U 
(CHa)a-O-C-NH-CH- C -NH-CH-CH 

1 . 1 1 
Si(CHs)t CH2 (CH2)« 

CH(CHs)2 CH« 


0.00(9H.s). 0.80-i.lO 
(12H.n). 1.10-2.00 
(9H.ffl). 4.12(2M.dd. 
J-8.0HZ.J-10HZ) , 
4.18(lH.m). 4.44(1H. 
dd. J-7.0HZ.J-13HZ) . 
5.13(lH.d,J-7.0Hz) . 
8.68(lH,d,J-8.0Hz) , 
9.52(lH.s) 
Refractive Index - 
1.4834 


12 


0 0 

1 1 

NH-CH- C -NH-CH-CH 

CHa (CHi)« 
rj CH(CH.)a CH« 

H»C 


0.73(3H.d.J-6.0Hz) . 
0.88(3H.d,J-6.0Hz) , 
0.90(3H.t.J-6.0Hz) , 
1.10-1.90(9R.m) . 2.42 
(3H.S). 3.74(lH,dd. 
J-8.0HZ, J-13HZ) . 4.30 
( IH . dd . J-7 . OHz . J-14HZ ) 
5.10(lH.d.J-8.0Hz) . 
8.46(lH.d.J-7.0Hz) , 
7.28(2H.d.J-8.0Hz) . 
7.74(2H.d.J-8.0Hz) . 
9.54(lH,s) 

ffl.p. 135 C (decompose) 


13 


0 0 

1 1 

OxN S-NH-CH- C -NH-CH-CH 

CH(CH«)s CH« 


0.70-1.10(9H.m). 
1.10-2.20(9H.m) . 
4.00(IH.m). 4.S6(1H. 
dd.J*7.0Hz.J-13Hz) . 
4.70(IH.n). e.SQdH.d. 
J-7.0HZ). 7.28(lH.o). 
7.62(1H.B). 8.02(lH.m) 
8.24(lH.m). 9.5e(lH.s) 
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Table 1 (cont'd) 



Example 
No. 


Structure 


Physical Property 
(»H-NMR: CDCI3 . 
standard TMS. ppo) 


14 


Q 0 

NH-CH- C -NH-CH-CH 
M/ 1 1 
• P^ CH» (CHa), 

^ S CH(CHi)a CHa 


0.70-1.00(9H.m) , 1.00- 
2.00(9H,D). 3.40(1H. 
dd. J-7.0HZ. J-9.0UZ) . 
3.92(lH,m). 4.28(1H. 
dd,JNH-CH-7.0Hz, 
JPNH-13HZ). 6.64(1H, 
d.J»7.0Hz), 7.30-7.60 
(6H,m), 7.70-8.00 
(4H.D), 9.46(lH.s) 
Refractive Index 
1.5692 


15 


0 0 

^ II II 
.NH-CH- C -NH-CH-CH 

1 1 
kJ* CH(CHa)a CH» 


0.70-1. 00(9H. m) , 

1.10-2.00(9H,m) , 

3.36(lH.m). 

4.06(lH,m). 

7.10-7.50(15H,m), 

9.20(1H.S) 

m.p. 123 *C (decompose) 


16 


Cat 0 0 

1 n n 

CH-C-NH-CH- C -NH-CH-CH 

1 1 1 
0-C CHa (CHa) a 

^"^ CH(CHa)a CH« 


0.70-1. 10(9H. D) . 1.10- 
2.00(9H.b). 2.12(3H.s) 
4 . 12 ( IB , dd , J"8 . OHz . 
J-16HZ), 4.52(lH,dd, 
J-8.0HZ.J-13HZ) . 
S.86(1H.8), 6.60(lH.d. 
J-8.0HZ), 7.20-7.60 
(3H,m). 7.70-8.00 
(2H,m). 9.54(lH.s). 
11.38(lH.d.J-8.0Hz) 
Refractive Index - 
1.5614 


17 


0 

loo 

^Yj^'CB- C -NH-CH-CH 

1 CHa (CHa) a 
0 1 1 

CR(CHa)a CHa 


0.80-1.10(9H.ffl) . 
1.10-2.00(8H.m) , 
2.40(lH.m). 4.54(1H. 
dd.J«7. OHz, 14Hz). 
S.OOdH.dd.J-S.OHz. 
J-llHz). 8.86(lH.d. 
J-7.0HZ). 7.70-8.00 
(4H.m). 8.58(1H,S) 
m.p. 96 *C (decompose) 
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Table 1 (cont'd) 



Example 
No. 


Structure 


Physical Property 
(»H-NMR: CDC13. 
standard IMS. ppm) 


13 


0 0 0 

n 1 II 

CHa -0-C-NH-CH-C-NH-CH-CII 

W II 

' CHa CH* 


0.8O-1.00(6H.ni) . 1.10- 
2.00(12H.m), 4.20(1H. 
dd.J-8.0Hz.J-l4Hz) . 
4.52(lH,dd.J-7.0H2. 
J-13HZ), 5.12(2H.s). 
S.32(lH.d. J-8.0HZ) . 
6.56{lH,d,J-7.0Hz) . 
7.38(5H,S). 9.56(1H.S) 
m.p. 126 *C (decompose) 



Example 19 



Enzyme Inhibitory Acttvtty of the Invention Compound 



The enzyme inhibitory acth^ee of the compounds of the present Invention were evaluated in the 
following manner. 

The antfpapain activity was determined as follows. A compound of the present invention at various 
concentrations. 0.015 U of papain and 0.88 mg of EQTA were dissolved in 1 ml of a dtrate buffer solution 
(20 mM. pH « e.2). The sdutioo so fonned was preincubated at 30'C for 5 minutes. Then 1 ml of a 
substrate solution was added to Initiate the reaction. As a substrate, a 1% solution of casein in a citrate 
buffer solution was employed. This reaction was conducted at 30 *C for 20 minutes. Next, 3 ml of 6.5% 
trichloroacetic add was added to the reaction mixture to thereby stop the reaction. The amount of proteins 
in the trichloroacetic add-soluble fraction of the casein digested with the enzyme was detennined by Lowry- 
Foiin method. The obtained data were compared with control data so as to determine the inhibitory activity. 

The anticalpain activity, l.e.. the anticalpaln I or anticaipaln II actMty was determined as follows. A 
compound of the present invention at various concentrations, 0.33 U of calpain I or II and 0.22 mg of 
^ caldum chloride were dissolved in 1 ml of an Imldazole/hydrochlorfde buffer solution (50 mM, pH » 7.5). 
The solution so fbrmed was preincubated at 30* C for 5 minutes. Then 1 ml of a substrate solution was 
added to Inltiato the reaction. Aa a substrate, a 0.4% solution of casein in an imidazoleAiydrochioride buffer 
solution was employed. This reaction was conducted at 30* C for 30 minutes. Next, 3 ml of 5% 
trichloroacetic add was added to stop the reaction. The amount of proteins In the trichloroacetic acid- 
soluble fraction of the casein digested with the enzyme was detennined by Ross^Scahtz method. Th 
obtained data were compared with control data so as to determine the Mibltory actMty. 

The antkathepsin activity was determined as fdlowa. A sdution compdslng a compound of the present 
Invention at vaitoua concentrationa and 0.114 mg of a sutwtrate (benzylQxycarbonyH.-lysine p-nltrophenyt 
ester) In 3.15 ml of an acetate buffer solution (25 mM, pH - 5.1, containing 1 mM of EDTA) was 
^ preincubated at 30*C for 1 minute. Then a solution of 0J06 U of cathepsin B originating from bovine spleen 
(Sigma Co.) dissohmd in the sarrw buffer (0.05 mQ was added to inltiato the reaction. A change in th 
absort)ance at 328 nm was monHored immediately after the initiation of the reaction. The enzyme inhibitory 
activity was determined by comparing the data with those obtained by use of a control solution. 

Tables 2, 3, 4 and 5 show the inhibitory ectMtiee of tfw compounds of the. present invention 
respectively on papain, calpalns and cathepsin B, which Is the target enzyme, thus determined. In the cases 
of papain and calpalns. calpepdn (Thujinalca et al.1 Blochem. Biophys. Res. Commun., 1^. 1201 - 1208, 
1 988) was employed as a control 
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Tabl6 2 



Inhlbftory Activity on 


Papain 


Examplo 


InhlKttrw 
inruuiuJf y 


No 


aCuvny I^^O 




(M) 


3 


1^ X 10-' 


5 


2.1 X 10-' 


6 


5.8 X 10-« 


7 


2.5 X 10-' 


8 


3.1 X 10-« 


9 


1.8 X 10-' 


10 


2.8 X 10-' 


12 


1J X 10-' 


14 


1.7 X 10-' 


16 


9.8 X 10-« 


Calpeptin 


3.1 X 10-' 



Tabt9 3 



InhiWtory Activity on 


Calp^nl 


Example 


lnhik)ltory 


No. 


activity ICso 




(M) 


1 


1.6 X 10-' 


3 


^J0 X 10-' 


4 


3.0 X 10-« 


5 


1.5 X 10-' 


6 


8.7x10-« 


7 


1.0 X 10-' 


8 


9.2x 10-* 


9 


1.1 X 10-' 


10 


9.6 X 10-« 


12 


1.1 X 10-' 


14 


9.0 X 10-« 


16 


4JQ X 10-' 


18 


7.0 X 10-' 


Calpeptin 


7.1 X 10-' 
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Tabl«4 



Inhibitory ActMty on 


Calpaln II 


Example 


Inhibitory 




aCUVIty lUso 




(M) 


3 


1^ X 10-' 


4 


1^ X icr' 


6 


1 J X 10"' 


7 


1-3 X 10-' 


8 


1^ X 10-' 


9 


1^ X 10-' 


14 


1^ X 10-' 


Calpeptin 


1,3 X 10-' 



20 

Tables 



Inhibitory Acttvfty on 


ufluiepsin D 


Example 


Inhibitory 




activtty ICso 




(M) 


1 


1.1 X 10-' 


2 


9^ X 10-« 


3 


5.1 X 10-' 


4 


5.8 X 10-« 


5 


1.8 X 10-' 


6 


7i)xlO-< 


7 


1.5 X 10-' 


8 


9Jx10-« 


9 


1.4 X 10-' 


10 


3.3 X 10-' 


11 


9.6 X 10-' 


12 


1-2 X 10-* 


14 


7.9x10-* 


15 


3.2X 10-» 


16 


7U)x 10-» 


17 


1U)x 10-» 


18 


1.1 X 10-' 



50 

dafme 

1. A compound re pr ee ented by the foHowIno general formula (1): 
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Rt R4 

I I 
-N-CH-CO-NH-CH-CHO 
I 

Ra 



(1) 



wherein Ri represents a strBfght-chaln or branched acyl group having 2 to 10 carton atoms, a branched-, 

cycHc- or polycyclic-alkyloxycartonyl group having 4 to 15 carbon atoms, a substituted- or unsubstituted- 

bonzylO)cycarbonyl group, a 2A2-trichloroethytoxycafbonyl group, a 2-<trlmethylsllyl)ethy!oxycarbonyl 

group, a p-toluenesulfonyl group, an o-nitrophenylsutfony1 group, a diphenylphosphonothioyi group, a 

triphenylmethyl group or a 2-benzoyl-1-meth/)vinyl group; 

R2 represents a hydrogen atom; or Ri and may together form a phthaloyi group: 

Rj represents an isobutyt group, a n-butyl group or an Isopropyf group and the above-mentioned Rt can be 

an unsubstttuted-benzyloxycarbonyl group provided that Rs is a n-butyl group: and 

R4 represents a n-butyl group. 

2. A compound as claimed In Claim 1, wherein Ri is a straight-chain or branched acyl group having 2 
to 10 carbon atoms selected from among octanoyi, caproyi and isovaleryl groups. 

3. A compound as claimed In Claim 1, wherein Ri Is a branched-, cyclic- or polycyclic-alkyloxycartonyl 
group having 4 to 15 carton atoms selected from among t-butyloxycartMnyl, adamantyloxycart>onyl and 
isobomyloxycart3onyl groups. 

4. A compound as claimed in Claim 1, wherein Ri Is a substitutad-benzyioxycarbonyl group having one 
or more substituents selected from arrmg halogen atoms, nltro group arxl mettioxy group. 

5. A proteinase Inhibitor which contains a compound represented by the general formula (1) shown in 
Claim 1 as an active Ingredient 

6. A pharmaceutical composition, comprising a compottftd as defined In dalm 1 as an active ingredient 
and one or more pharmaceutically acceptable carriers. 

7. Use of a compound as defined in daim 1 for making a medicament effective in Inhibiting 
proteinases. 
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